AD-776  387 

TERRAIN  ANALYSIS  FOR  THE  ARMORED 
RECONNAISSANCE  SCOUT  VEHICLE  TEST 
PROGRAM 

D.  D.  Randolph,  et  al 

Army  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi 

March  1974 


J 


DISTRIBUTED  BY: 


ismiis 


National  Technical  Information  Sonrice 
U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Road,  Springfield  Va.  22151 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


f)X>H6  3*7 


TERRAIN  ANALYSIS  FOR  THE  ARMORED  RECONNAISSANCE 
SCOUT  VEHI CLE  TEST  PROGRAM 

by 

D.  D.  Randolph,  C.  A.  Blackmon 


March  197^ 

”  'national  technical 
information  service 

l  S  0»  Commorco 

Sprio^lielcJ  VA  ?2\b\ 

Sponsored  by 

Armored  Reconnaissance  Scout  Vehicle  Project  Manager 

Directed  by 

U.  S.  Army  Materiel  Systems  Analysis  Agency 
Aberdeen  Proving  Ground,  Maryland 

Conducted  by 

U.  S.  Army  Engineer  Waterways  Experiment  Station 
CORPS  OF  ENGINEERS 
Vicksburg,  Mississippi 

end 

U.  S.  Army  Tank-Automotive  Command 
Warren,  Michigan 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED. 


FOREWORD 


Tin*  study  reported  herein  was  conducted  during  the  period  December 
1972- October  1973  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station 
(WES)  and  the  U.  S.  Army  Tank-Automot ive  Command  (TACOM)  for  the  Armored 
Reconnaissance  Scout  Vehicle  (ARSV),  XM800  Project  Manager. 

This  study  was  conducted  under  the  general  supervision  of  Messrs.  W.  G. 
Shockley,  Chief,  Mobility  and  Environmental  Systems  Laboratory  (MES1.) , 

A.  A.  Hula,  Chief,  Mobility  Systems  Division  (MSD) ,  MESL ,  and  C.  J.  Nuttall,  Jr., 
Chief,  Mobility  Research  and  Methodology  Branch  (MRMB) ,  MSD.  The  field 
data  at  Fort  Knox  were  collected  under  the  supervision  of  Mr.  D.  D.  Randolph 
by  Messrs.  J.  H.  Robinson,  R.  P.  Smith,  and  R.  H.  Johnson,  MSI),  who  also 
prepared  the  areal  and  linear  terrain  factor  complex  maps  of  Fort  Knox. 

The  late  Mr.  C.  A.  Blackmon,  MSD,  prepared  the  revised  areal  terrain  factor 
complex  maps  of  the  West  Germany  transect  and  assisted  Mr.  Randolph  with 
the  comparison  of  the  selected  Fort  Kn.~x  and  West  German  areal  terrains. 

Mr.  L.  A.  Martin,  Mobility  Systems  Division,  TACOM,  and  Mr.  D.  A.  Sloss, 

Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  assisted  with  the  compar¬ 
ison  of  selected  linear  terrains  at  Fort  Knox  and  West  Germany.  Acknowledg¬ 
ment  is  also  made  to  Mr.  A.  W.  Criswell,  U.  S.  Army  Materiel  Systems  Analysis 
Agency  (AMSAA) ,  for  his  review  of  this  report  and  spirited  criticism.  This 
report  was  prepared  by  Messrs.  Randolph  and  Blackmon. 

BG  Ernest  D.  Peixotto,  CE,  and  COL  G.  H.  Hilt,  CE,  were  Directors  of 
WES  during  the  conduct  of  this  study  and  the  preparation  of  this  report. 

Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  measurement  used  in  this  report  can  be  converted  to 


metric  units  as  follows: 

Multiply 

By 

To  Obtain 

Inches 

25.4 

millimeters 

feet 

30.48 

centimeters 

square  Inches 

6.4516 

square  centimeter 

pounds 

0.45359237 

kilograms 

tons  (2000  lb) 

907.185 

kilograms 

pounds  per  square  inch 

0.070307 

kilograms  per  square  centimeter 

pounds  per  cubic  inch 

276.80 

kilograms  per  cubic  centimeter 

foot-pounds 

0.138255 

meter-kilograms 

feet  per  second 

30.48 

centimeters  per  second 

miles  per  hour 

1.609344 

kilometers  per  hour 

SUMMARY 


Two  study  areas  (FK1  and  FK2),  totaling  approximately  11  sq  miles, 
were  selected  at  Fort  Knox,  Kentucky,  for  comparison  with  a  previously 
mapped  60-sq-mi  sample  of  terrain  in  West  Germany  (WGT)  and  as  potential 
areas  for  field  tests  with  the  prototype  Armored  Reconnaissance  Scout 
Vehicles  (ARSV's)  ind  comparison  vehicles.  Areal  and  linear  terrain  data 
from  119  sites,  serial  photographs,  and  other  pertinent  Information  were 
used  to  prepare  the  Fort  Knox  terrain  factor  complex  maps.  These  areal 
maps  describe  the  terrain  characteristics  that  affect  vehicle  performance, 
i.e.  soil  type,  soil  strength,  topographic  slope,  obstacles,  vegetation, 
surface  roughness,  and  visibility.  The  linear  terrain  factor  complex 
maps  describe  the  terrain  characteristics  that  determine  "go  or  no-go" 
vehicle  performance,  i.e.  linear  feature  geometry,  water  depth,  and 
water  velocity. 

The  Fort  Knox  study  areas  and  the  West  Geraan  transect  were  compared 
on  the  basis  of  general  descriptions  (land  physical  characteristics,  land 
use,  etc.),  areal  and  linear  occupancy  and  occurrence  of  terrain  units 
and  terrain  mobility  factors,  and  parameters  (i.e.  vehicle  speed  and  per¬ 
formance  diagnostics)  reflecting  the  combined  effects  of  the  terrain  upon 
the  mobility  performance  of  the  M114A1E1  armored  command  and  reconnaissance 
carrier  and  the  M151A2,  1/4-ton  truck,  as  predicted  by  the  AMC-71  mobility 
model. 

The  major  differences  in  the  areas  arise  from  the  land  use.  Over 
70  percent  of  WGT  is  used  for  agricultural  purposes,  largely  croplands, 
but  including  orchards,  vineyards,  and  some  cultivated  forests.  A  large 
part  of  FK1  is  used  as  a  buffer  zone  around  an  impact  area  and  is  there¬ 
fore  idle;  most  of  FK2  is  used  as  a  military  training  area.  These  differ¬ 
ences  in  land  use  are  reflected  in  a  difference  in  obstacles,  vegetation, 
surface  irregularities,  and  linear  feature  characteristics.  Terrain  units 
and  terrain  factor  classes  can  be  found  in  FK1  or  FK2  that  are  similar  to 
many  of  those  in  WGT  although  the  areal  extent  may  be  different. 

The  mobility  performances  of  the  two  selected  vehicles  predicted  by 
the  AMC-71  mobility  model  show  that  the  Fort  Knox  study  areas  are  somewhat 
similar  to  the  West  German  transect  in  regard  to  the  overall  effect  on 
mobility,  with  the  performance  of  the  M114A1E1  being  more  similar  than 
that  of  the  Ml 5 1A 2. 


The  performance  diagnostics  showed  that  although  the  predicted  speeds 
were  similar,  the  controlling  factors  were  often  different. 

It  was  concluded  that  sufficient  terrain  variations  existed  in  FKl 
and  FK2  to  provide  the  range  of  conditions  needed  for  mobility  evaluation 
tests  of  the  /utSV'a  and  that  the  terrain  conditions  in  Fort  Knox  and  WGT 
are  such  that  tests  in  FKl  and  FK2  can  be  used  to  establish  the  level  of 
confidence  in  the  AMC-71  mobility  model  predictions  in  WGT  and  subsequent 
mobility  evaluations  of  the  ARSV's. 

It  is  recommended  that  mobility  tests  be  conducted  with  the  ARSV's 
and  comparable  vehicles  along  selected  traverses  in  FKl  and  FK2,  that 
results  of  these  tests  be  used  to  validate  predictions  for  these  areas 
made  by  the  AMC-71  mobility  model,  that  mobility  evaluations  of  the  ARSV's 
and  comparable  vehicles  be  made  in  the  West  German  transect  with  the  AMC- 
71  mobility  model,  and  that  final  judgments  of  the  relative  mobility 
potential  be  based  upon  the  results  of  simulations  in  light  of  the  valida¬ 
tion. 


Appendix  A  presents  the  procedures  used  in  preparing  areal  and 
linear  terrain  factor  complex  maps  for  selected  Fort  Knox  terrains  (FKl 
and  FK2).  It  includes  definitions  of  terrain  terms  applicable  to  mobility 
and  procedures  for  field  data  collection.  It  also  includes  a  discussion 
o.  the  revised  method  used  to  assign  surface  roughness  to  the  areal  terrain 
units  of  the  West  German  transect. 

Comparisons  of  the  terrains  in  the  three  study  areas  (FKl,  FK2,  and 
WGT)  made  on  the  basis  of  the  general  descriptions,  the  areal  occupancy 
and  occurrence  of  terrain  units  and  terrain  factors,  and  the  basis  of  the 
performance  of  two  vehicles  (one  each  wheeled  and  tracked)  as  predicted  by 
the  AMC-71  mobility  model  are  presented  in  detail  in  Appendix  B. 
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TERRAIN  ANALYSIS  TOR  THE  ARMORED  RECONNAISSANCE 
SCOUT  VEHICLE  TEST  PROGRAM 


PART  I :  INTRODUCTION 

Background 

1.  The  Armored  Reconnaissance  Scout  Vehicle  (ARSV)  Project  Manager 
assigned  the  U.  S  Army  Tank-Automotive  Command  (TACOM)  Systems  Analysis 
Division  the  responsibility  for  the  conduct  of  a  cost  and  performance 
study  of  the  ARSV.  TACOM  then  tasked  the  U.  S.  Army  Materiel  Systems 
Analysis  Agency  (AMSAA)  with  the  responsibility  for  the  performance  areas 
(except  reliability  and  maintenance)  of  the  total  cost  and  performance 
study. 

2.  In  August  1973,  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES)  Mobility  Systems  Division  (MSD)  and  the  Mobility  Systems 
Division,  TACOM,  were  asked  to  prepare  a  joint  cost,  time,  and  manpower 
estimate  for  terrain  mapping  and  analysis,  validation  testing,  and  mobil¬ 
ity  evaluation  in  support  of  AMSAA' s  efforts  in  the  cost  and  performance 
study  of  the  ARSV.  The  task  and  associated  subtasks  suggested  by  AMSAA 
are  given  in  table  1.  Subsequent  to  the  initial  request,  Task  D,  "Mobil¬ 
ity  Effectiveness  Evaluation,"  was  added  to  the  ARSV  program. 

3.  A  proposal  outlining  a  WES-TACOM  work  plan  was  submitted  to 
AMSAA  in  September  1972.  During  October  1972,  AMSAA  representatives 
visited  WES  to  discuss  the  proposal  with  WES-TACOM  personnel  before  pre¬ 
paring  a  work  statement.  In  November  1972  AMSAA  prepared  a  work  state¬ 
ment  that  included  a  general  work  plan  covering  tasks  associated  with 
performance  aspects  of  the  study. 

4.  WES  was  assigned  the  primary  responsibility  for  Task  A,  "Terrain 
Analysis  for  the  Armored  Reconnaissance  Scout  Vehicle  Test  Program,"  in 
cooperation  with  TACOM,  the  U.  S.  Army  Test  and  Evaluation  Command  (TECOM) , 
and  the  U.  S.  Army  Armor  and  Engineer  Board,  Fort  Knox.  The  original  plan 
stated  that  all  terrain  mapping  would  be  accomplished  at  selected  areas  at 
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Fort  Knox,  Kentucky,  end  In  West  Germany.  During  a  meeting  at  Fort  Knox 
on  16  and  17  January  1973,  Aberdeen  Proving  Ground  (APG)  was  included  as 
a  potential  military  reservation  for  terrain  mapping.  Fort  Knox  and  APG 
were  selected  because  the  ARSV's  were  scheduled  for  testing  at  these  in¬ 
stallations.  West  Germany  was  selected  because  of  its  military  relevance 
and  because  terrain  maps  containing  much  of  the  data  to  be  used  in  this 
study  were  already  available  for  a  sample  strip  (or  transect)  in  West 
German  terrain.  The  original  plan  also  called  for  sending  a  t^am  to  West 
Germany  to  collect  additional  ground  truth  data  to  complete  the  available 
maps  of  the  West  German  transect.  Independent  requests  by  WES  and  TACOM 
to  visit  West  Germany  were  denied;  therefore,  the  original  plan  was  modi¬ 
fied  to  use  existing  data  only.  This  report  describes  the  work  accom¬ 
plished  under  Task  A  only. 


Purpose  and  Approach 


Purpose 

5.  The  main  purpose  of  this  study  was  to  prepare  terrain  data,  in 
the  form  of  terrain  factor  complex  unit  maps,  for  selected  areas  of  Fcrt 
Knox  and/or  Aberdeen  Proving  Ground  to  be  used  in  the  mobility  evaluation 
and  testing  of  the  prototype  armored  reconnaissance  scout  vehicles  (ARSV's) 
and  comparison  vehicles  in  support  of  the  ARSV  Cost  and  Performance  (C/P) 
Study.  The  terrain  maps  developed  will  be  used  with  the  AMC-71  mobility 
model*  to  predict  vehicle  mobility  performance  in  terms  of  speeds  and 
factors  controlling  speed  in  both  this  phase  and  later  phases  of  the  C/P 
Study.  The  validity  of  these  predictions  will  also  be  examined  in  these 
later  phases  of  the  C/P  Study  by  actually  testing  the  ARSV  prototypes 

in  these  mapped  terrain  areas  during  developmental  testing. 

6.  The  secondary  purpose  of  this  study  was  to  make  a  quantitative 
comparison  of  the  Fort  Knox  terrain  with  the  West  German  terrain.  The 

*  U.  S.  Army  Tank-Automotive  Command  and  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  "The  AMC  '71  Mobility  Model,"  Technical  Report 
No.  11789  (LL  143),  July  1973,  U.  S.  Army  Tank-Automotive  Command, 

Warren,  Mich. 
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results  of  this  comparison  will  be  used  to  judge  the  applicability  of 
vehicle  test  results  obtained  at  Fort  Knox  to  the  West  German  transect. 

It  will  also  indicate  the  degree  to  which  validation  of  the  AMC  mobility 
model  in  the  Fort  Knox  terrains  will  encompass  the  ranges  of  terrain  char¬ 
acteristics  in  the  West  German  transect  and  thus  serve  as  validation  of 
the  model's  prediction?  in  that  environment  as  well. 

Approach 

7.  The  terrain  factor  maps*  for  both  areal  and  linear  terrain  fea¬ 
tures  were  developed  by  field  sampling  of  the  selected  Fort  Knox  areas, 
review  of  existing  terrain  data  in  the  form  of  maps,  geologic  survey  data, 
and  air  photos,  and  application  of  the  techniques  currently  developed  for 
the  generation  of  factor  maps  for  use  with  the  AMC-71  mobility  model. 

The  areal  and  linear  terrain  factor  maps  for  the  West  German  transect 
were  prepared  in  a  similar  manner  except  that  field  sampling  data  were 
not  available. 

8.  The  terrain  comparison  methodology  included  examination  of  the 
following  parameters  or  combinations  of  parameters  as  a  basis  for  compar¬ 
ing  terrains. 

„  f  Land  physical  characteristics 

General  description  <  .  , 

r  {  Land  use 

Terrain  units 

terrain  factors 

Vehicle  speed 

Terrain  factors  controlling 
vehicle  speed 

9.  Where  possible,  examination  of  these  parameters  considered  the 
areal  occupancy  and  frequency  of  occurrence  as  a  basis  for  comparison. 

In  the  case  of  terrain  factors,  the  predominant  range  of  terrain  charac¬ 
teristics  for  each  area  was  examined  for  its  effect  on  vehicle  speed. 


*  See  Appendix  A  for  a  detailed  explanation  of  the  mapping  techniques 
used  to  develop  factor  maps. 


As  defined  in  the  AMC-71 
mobility  model 
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PART  II:  STUDY  AREAS 


U.  S.  Terrains 

Selection 

10.  WES  personnel  reconnoitered  both  Fort  Knox,  Kentucky,  and  APG, 
Maryland,  to  select  areas  for  terrain  mapping  and  subsequent  vehicle  test¬ 
ing.  The  selection  was  limited  to  areas  that  could  be  mapped  by  use  of 
the  WES  terrain  descriptive  system  (Appendix  A)  within  the  time  frame  and 
funding  constraints  of  the  study.  Another  important  constraint  was  the 
selection  of  a  minimal  number  of  areas  that  would  provide  a  sufficient 
number  of  terrain  units  to  produce  differences  in  vehicle  speeds  ranging 
from  about  2  to  20  mph.  Additional  considerations  were  availability, 
accessibility,  and  representation  of  natural  terrain  features.  Finally, 
some  consideration  was  given  to  the  presence  of  suitable  terrain  condi¬ 
tions  for  validation  of  the  AMC-71  mobility  model. 

11.  On  the  basis  of  the  foregoing  criteria,  two  areas  wer .  selec¬ 
ted  at  Fort  Knox  and  approved  by  AMSAA.  These  areas,  designated  as  Fort 
Knox  area  1  (FK1)  and  Fort  Knox  area  2  (FK2) ,  were  mapped  in  March  1973, 
and  assurance  was  given  that  they  would  be  made  available  for  vehicle 
testing  in  the  spring  of  1974.  Because  available  areas  at  APG  did  not 
meet  the  selection  criteria,  no  areas  were  selected  at  APG  for  mapping. 
Location 

12.  FK1  is  located  in  the  northeastern  part  of  the  Fort  Knox  Mili¬ 
tary  Reservation  (fig.  1).  It  is  irregular  in  shape — about  4  miles  long 
and  1.3  to  2.0  miles  wide,  with  a  total  areu  of  6.1  sq  miles.  An  areal 
mosaic  showing  most  of  FK1  is  given  in  fig.  2. 

13.  FK2  is  located  in  the  south  central  portion  of  the  Fort  Knox 
Military  Reservation.  It  is  nearly  rectangular  in  shape,  having  a  maxi¬ 
mum  length  of  3.5  miles,  a  maximum  width  of  1.9  miles,  and  a  total  area 
of  4.7  sq  miles.  A  mosaic  showing  all  of  FK2  is  given  in  fig.  3. 
Deacriptlon 

14.  A  general  description  of  the  Fort  Knox  study  areas  is  given 
in  the  following  paragraphs. 
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15.  Physiography.  FK1  is  located  In  the  Salt  River  floodplain, 
which  varies  in  width  from  1  to  3  nlles.  Host  of  FKJ  is  very  flat  (typi¬ 
cal  of  floodplains)  except  where  boundaries  extend  slightly  into  the  knobs, 
thereby  Incorporating  some  steeply  sloping  terrain.  The  elevations  in 

FK1  (Including  knobs)  vary  from  about  400  ft  MSL  along  the  Salt  River  to 
about  600  ft  along  the  southeastern  boundary. 

16.  FK2  is  located  in  the  Pennyroyal  Plateau,  which  is  a  rolling 
upland  developed  on  thick  limestone  bedrock.  The  plateau  ranges  from 

6  to  20  miles  in  width  across  much  of  northern  Kentucky  and  southern 
Indiana.  The  elevations  in  FK2  vary  from  about  600  ft  MSL  along  Mill 
Creek  to  about  800  ft  at  the  highest  point. 

17.  Drainage.  The  Salt  River  is  the  major  drainage  system  in  FK1. 
Its  location  within  the  study  area,  together  with  other  drainage  features, 
ir.  shown  in  fig.  1.  Numerous  small  streams  and  ditches  empty  into  the 
Salt  River,  providing  adequate  drainage  except  when  the  river  is  in  flood 
stage.  The  Salt  River  varies  from  approximately  50  ft  in  width  and  20  to 
"*0  ft  in  depth  during  low-water  stage  to  more  than  300  ft  in  width  and 

40  ft  in  depth  during  the  flood  stage.  The  groundwater  table  for  a  large 
portion  of  FK1  is  at  or  near  the  surface  during  periods  of  high  river 
stages. 

18.  Mill  Creek,  Douglas  Branch,  and  Dorrets  Run  provide  excellent 
drainage  in  FK2  all  year.  The  gradients  of  these  stream*,  are  such  that 
high  water  velocity  may  occur  during  high-intensity  rains. 

19.  Soils.  Most  of  the  soils  in  FK1  are  water  deposited  and  vary 
from  poorly  drained  silty  clays  located  on  flats  of  the  Salt  River  bottom 
to  variably  drained  silty  clays  on  gently  to  steeply  sloping  knobs  adja¬ 
cent  to  the  bottomland. 

20.  The  soils  in  FK2  are  residual  and  vary  from  clayey  to  silty 
clay  soils  that  are  moderately  cherty.  Most  of  these  soils  arc  well 
dra.ned,  occurring  on  uplands  with  narrow  undulating  ridge  crests  on 
moderately  to  steeply  sloping  hillsides,  When  wet  these  soils  are  very 
slippery. 

21.  Land  use.  The  section  of  FK1  west  of  the  Salt  River  is  used 
primarily  as  a  live  firing  range  and  Impact  zone.  That  part  of  FK1  east 
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of  the  Salt  River  is  seldom  used  by  the  military  except  as  a  buffer  zone 
between  the  impact  area  and  private  property.  Most  of  the  land  in  FK1  is 
covered  with  deciduous  or  evergreen  trees;  however,  some  open  land  exists 
on  both  sides  of  the  Salt  River.  Some  of  the  land  on  the  east  side  of  the 
river  has  been  cultivated  within  the  last  several  years. 

22.  FK2  is  used  extensively  by  the  military  for  training  purposes. 
Parts  of  the  area  are  subjected  to  frequent  use  by  tracked  vehicles.  Nu¬ 
merous  ditches  occur  in  the  area  as  a  result  of  the  tank  ruts  and  subse¬ 
quent  erosion.  A  large  part  of  FK2  is  covered  by  deciduous  or  evergreen 
trees. 

23.  Wearner  and  climate.  The  long-term  (5-yr  average)  monthly 
rainfall  and  mean  temperature  data  for  Fort  Knox  (both  FK1  and  FK2)  are 
given  in  fig.  4a.  More  than  2  in.  of  rain  falls  in  each  month  of  the 
year;  the  lowest  rainfall  occurs  in  October  and  the  highest  in  April. 

The  yearly  mean  average  is  44  in.  The  mean  monthly  temperature  is  typical 
of  a  temperate  climate,  with  an  increase  from  January  to  July  and  then  a 
decrease  to  December.  The  lon^-term  mean  monthly  snowfall  is  as  follows: 

November  -  1.2  in. 

December  -  2.1  in. 

January  -  4.2  in. 

February  -  3.1  in. 

March  -  3.9  in. 

The  snow  cover  rarely  remains  on  the  ground  more  than  a  few  days. 

24.  Road  network.  The  principal  road  in  FK1  is  a  secondary-type 
road  that  runs  northeast  and  southwest  on  the  weBt  side  of  the  Salt  River. 
A  similar  road  is  found  just  outside  the  area  along  its  eastern  boundary. 
Trails  lead  from  the  secondary  road  to  the  river  or  to  old  farmlands.  A 
four-wheel-drive  vehicle  is  required  to  negotiate  the  trails  in  the  wet 
season.  The  perimeter  of  FK2  is  a  paved  road.  The  area  within  FK2  is 
crossed  in  a  northwest-southeast  direction  by  several  trails  that  have 
been  made  during  Army  field  training  exercises.  Many  of  the  old  trails 
are  now  ditches  that  cannot  be  negotiated. 

25.  Towns  and  villages.  There  are  no  towns  or  villages  in  either 
FK1  or  FK2.  However,  FK2  is  located  much  closer  to  the  cantonment  area 
of  Fort  Kno.t  than  is  FK1. 
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b.  Stuttgart.  Veat  Germany 


Long-Term  Average  Monthly  Temperature 
Long-Term  Average  Monthly  Rainfall 


Fig.  h.  Monthly  rainfall  and  temperature  data 


West  German  Terrain 


Selection 

26.  For  mobility  and  comparative  terrain  study  purposes  the  West 
German  transect  (WGT)  data  were  the  best  available.  However,  the  proce¬ 
dures  to  assign  surface  roughness  required  revision  to  make  the  WGT  ter¬ 
rain  descriptions  comparable  to  the  Fort  Knox  study  areas. 

Location 

27.  WGT  is  located  in  the  southwestern  part  of  West  Germany 

(fig.  5).  It  is  bounded  by  the  following  map  coordinates:  latitude 

49°02'  to  49°04'  north,  and  longitude  8°39'  to  9°22*  east.  The  tran- 

2 

sect  is  3  km  wide  and  52  km  long,  with  an  area  of  156  km  (approximately 
60  sq  miles).  Several  aerial  photographs  of  the  area  within  the  transect, 
located  as  shown  In  fig.  6,  are  given  in  figs.  7,  8,  and  9. 

Description 

28.  A  general  description  of  WGT  is  given  in  the  following  paragraphs 

29.  Physiography.  WGT  is  located  in  the  Bavarian  Plateau,  which 
is  a  roughly  triangular  region  covering  most  of  southern  Germany.  The 
average  elevation  at  the  east  end  of  the  transect  is  about  1250  ft  MSL, 
and  at  the  west  end  about  600  ft,  giving  a  relief  of  about  650  ft.  The 
transect  Is  crossed  from  south  to  north  by  the  Neckar  River,  a  tributary 
of  the  Rhine  River.  East  of  the  river,  the  area  consists  mostly  of  hills 
capped  with  sandstone  underlain  by  shale.  Some  sections  of  the  hilly 
area  are  rugged,  but  for  the  most  part  the  terrain  is  rolling.  West  of 
the  river,  the  area  is  tableland  which  consists  mostly  of  undulating  to 
gently  undulating  terrain  underlain  primarily  by  limestone. 

30.  Drainageways .  The  Neckar  is  the  main  river  in  the  area.  Sev¬ 
eral  smaller  rivers  and  streams  originate  in  or  cross  the  transect  at 
various  angles.  Flat,  narrow  terraces  are  frequently  found  along  the 
banks  of  the  rivers  and  streams.  Some  stream  channels  have  been  modified, 
and  the  banks  may  have  man-made  structures  to  protect  against  erosion. 

Many  slopes  along  drainageways  are  steep  and  consist  of  rock  outcrops. 

31.  Soils.  The  soils  are  mainly  residual  with  clays  and  silts 
developed  from  the  shales  and  limestones.  Isolated  patches  of  alluvial 
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Fig.  6.  Location  of  air  phofos  along  WGT 


sand*  and  gravels  are  found  along  former  stream  courses.  Deposits  of 
loess  are  commonly  found  adjacent  to  the  Neckar  River. 

32.  Land  use.  About  70  percent  of  the  area  In  the  transect  Is  used 
for  agriculture,  with  grain  the  principal  crop.  The  higher,  hilly  lands 
and  some  of  the  bottomlands  are  forested;  but  In  some  hilly  areas,  vine¬ 
yards  are  fairly  common  on  the  hillsides  and  are  associated  with  man-made 
terrace a. 

33.  Weather  and  climate.  Long-term  monthly  rainfall  and  mean  tem¬ 
perature  data  for  Stuttgart,  which  is  in  the  vicinity  of  the  study  area, 
are  shown  in  fig.  4b.  It  can  be  seen  that  the  rainfall  is  fairly  evenly 
distributed  throughout  the  year,  ranging  from  2  to  4  in.  per  month,  with 
the  heavier  amounts  occurring  during  the  summer  season.  The  rainfall 
amounts  and  distribution  would  indicate  that  excessive  soil  wetting  would 
not  occur  except  in  the  low-lying  areas;  thus,  fairly  high  soil  strength 
would  exist  most  of  the  time  in  areas  with  reasonable  surface  drainage. 

The  mean  monthly  temperature  pattern  is  typical  of  temperate  climates, 
with  an  increase  in  mean  temperature  from  January  to  July  or  August  and 
then  a  decrease  to  December. 

34.  The  long-range  maximum  snow  depth  by  month  in  the  area  of  the 
transect  is  as  follows: 

October  -  0.8  in.  February  -  8.7  in. 

November  -  1.6  in.  March  -  5.5  in. 

December  -  4.7  in.  April  -  1.6  in. 

January  -  5.1  in. 

The  snow  cover  rarely  remains  on  the  ground  more  than  two  or  three  days 
except  during  December,  January,  and  February,  when  it  may  remain  for 
periods  of  one  to  three  weeks.  During  this  time  the  average  snow  depth  is 
generally  less  than  4  in. 

35.  Road  network.  A  fairly  well-developed  netwoik  of  primary, 
secondary,  and  trail-type  roads  exists  in  the  area.  Many  trail-type  roads 
occur  throughout  the  countryside. 

36.  Towns  and  villages.  Several  towns  and  villages  are  located  in¬ 
side  the  transect,  the  principal  ones  being  Klrchheim  am  Neckar,  Gemmrighelm, 
Bonnlghelm,  and  Bret ten. 
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PART  III:  RESULTS 


37.  Field  inspection  of  FK1  and  FK2  revealed  a  wide  range  of  terrain 
conditions.  Terrain  data  were  collected  at  119  sites  and,  together  with 
other  available  data  such  a3  topographic  maps,  aerial  photographs,  etc., 
were  used  to  prepa  areal  and  linear  terrain  factor  complex  maps.  A 
detailed  explanation  of  the  procedures  used  in  collecting  field  data  and 
preparing  terrain  unit  maps  is  given  in  Appendix  A.  With  the  aid  of  the 
terrain  factor  complex  maps,  traverses  can  be  selected  in  the  Fort  Knox 
study  areas  which  will  contain  sufficient  terrain  variations  for  conducting 
valid  mobility  evaluation  tests  with  the  ARSV's.  These  vehicle  tests  can 
be  used  to  establish  confidence  (difference  between  predicted  and  measured 
vehicle  performance)  in  the  AMC-71  mobility  model  predictions. 


Comparison  of  Fort  Knox  and  West  German  Terrains 


38.  The  Fort  Knox  and  West  German  terrains  contiAtTeA  Vn  this  study 
were  compared  on  the  bases  of  general  description,  areal  occupancy,  and 
occurrence  of  terrain  units,  terrain  factors,  vehicle  performance,  and 
factors  controlling  speed.  These  comparisons  are  presenced  in  detail  in 
Appendix  B. 


Genera),  descriptions 


39.  The  area  mapped  as  WGT  is  nearly  six  times  as  large  as  the  com¬ 
bined  areas  of  FK1  and  FK2.  WGT  and  FK2  are  located  on  plateaus;  FK1  is 
located  in  a  floodplain.  Both  FK1  and  WGT  are  crossed  by  a  large  river 
and  contain  some  small  streams;  FK2  has  no  large  river  but  has  numerous 
small  streams.  Drainage  is  excellent  in  WGT  and  FK2  throughout  the  year, 
while  during  most  of  the  year  drainage  is  poor  in  FK1. 

40.  Soils  in  FK1  are  largely  alluvial  silty  clays,  in  FK2  are  usu¬ 
ally  residual  ailty  clays,  and  in  WGT  are  mostly  residual  silts  and  clays 
although  some  alluvial  soils  are  found  along  the  rivers  and  streams. 

41.  Climate  is  generally  similar  in  the  three  areas,  although  the 


temperature  and  rainfall  are  slightly  higher  in  FK1  and  FK2  than  In  WGT. 

42.  The  most  Important  difference  in  the  areas  is  in  land  use. 
Approximately  70  percent  of  the  land  in  WGT  is  used  for  agricultural  pur¬ 
poses,  with  grain  as  the  principal  crop.  FK1  and  FK2  are  portions  of  a 
military  reservation  primarily  used  for  training  purposes;  more  than 

80  percent  of  FK1  and  50  percent  of  FK2  is  covered  by  deciduous  or  ever¬ 
green  woodlands.  WGT  contains  many  towns  and  villages  and  a  dense  road 
network,  whereas  FK1  and  FK2  contain  no  towns  or  villages  and  only  a  few 
improved  roads. 

43.  From  this  general  comparison  the  terrain  in  WGT  as  a  whole 
would  appear  significantly  different  from  that  in  FK1  and  FK2.  However, 
a  consideration  of  specific  areas  in  terms  of  landform,  soils,  climate, 
and  land  use  can  reveal  highly  analogous  areas. 

Areal  occupancy 

44.  The  areal  and  linear  terrain  units  and  the  factors  used  to 
describe  them  indicated  little  similarity  between  the  Fort  Knox  and  West 
German  terrains  when  considered  on  the  basis  of  areal  occupancy. 

Terrain  units 

45.  No  single  terrain  unit  in  WGT  is  exactly  duplicated  in  FK1  or 
FK2.  However,  terrain  units  very  similar  to  those  in  the  forested  areas 
of  WGT  can  be  located  in  FK1  or  FK2,  although  their  relative  size  and 
frequency  of  occurrence  will  differ. 

46.  The  terrain  units  in  the  croplands,  which  comprise  more  than 
half  of  WGT,  do  not  occur  in  FK1  or  FK2.  However,  there  is  some  land  in 
FK1  and  FK2  that  is  very  similar  to  the  croplands  of  WGT  except  for  the 
presence  of  crop  rows,  and  these  could  be  added  by  the  simple  process  of 
plowing  a  few  furrows. 

47.  The  chief  difference  in  the  linear  terrain  units  in  WGT  and 
those  in  FK1  and  FK2  la  the  extansive  road  network  in  WGT.  While  this 
road  network  is  not  duplicated  in  FK1  or  FK2  aa  presently  mapped,  the 
extension  of  the  linear  terrain  factor  complex  nap  to  include  the  perimeter 
road  around  FK2  would  provide  many  terrain  units  similar  to  those  in  WGT. 
Many  slmllarltiea  can  be  found  in  the  terrain  units  comprising  the  drainage 
features  In  Fort  Knox  and  WGT. 
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Terrain  factors 

48.  Areal  terrain  factors.  Although  the  areal  occupancy  and  fre¬ 
quency  of  occurrence  of  Individual  terrain  factor  values  do  differ,  gen¬ 
erally  the  factor  values  which  occur  in  WGT  can.  be  found  in  FK1  or  FK2. 
For  example: 

a.  Soil  strength.  All  of  the  soil  strength  classes  occurring 
in  WGT  can  be  found  in  FK1  or  FK2. 

b.  Slope 3.  Slopes  which  occur  in  WGT  and  not  in  FK1  or  FK2 
represent  only  0.2  percent  of  WGT. 

£.  Surface  roughness.  All  of  the  surface  roughness  classes 
which  occur  in  WGT  can  be  found  in  FK1  or  FK2. 

<i.  Visibility .  All  of  the  visibility  classes  occurring  in 
WGT  can  be  found  in  FK1  or  FX2. 

e.  Obstacles.  The  major  obstacles  in  WGT  which  are  not  found 
in  FK1  or  ?K2  are  the  crop  rows,  which  can  be  easily 
duplicated. 

.f.  Vegetation.  All  of  the  stem  diameter  classes  found  in  WGT 
occur  in  some  terrain  units  of  FK1  or  FK2.  The  spacing 
classes  that  are  not  duplicated  represent  areas  of  widely 
spaced  trees  that  have  little  or  no  effect  on  vehicle 
performance.  In  any  event,  these  spacing  classes  could 
conceivably  be  duplicated  at  Fort  Knox  by  removing  a  few 
trees. 

49.  Linear  terrain  factors.  All  of  the  linear  terrain  factor 
values  occurring  in  WGT  can  be  found  in  FK1  or  FK?  except  low  bank  heights 
and  approach  angles.  However,  the  overall  range  of  low  bank  heights  in 
WGT  is  duplicated  in  FK1  or  FK2,  and  the  missing  classes  represent  only 
2.0  percent  of  the  WGT  linear  features.  Most  of  the  approach  angles  that 
do  not  occur  in  FK1  or  FK2  as  presently  mapped  would  be  found  if  the  road 
around  FK2  were  included.  The  few  steeper  approach  angles  in  WGT  do  not 
exist  in  FK1  or  FK2. 

Vehicle  performance 

50.  The  range  of  speeds  for  both  vehicles  that  was  predicted  for 
WGT  was  also  predicted  for  FK1  or  FK2,  although  the  relative  areas  for 
which  these  speed3  were  predicted  did  in  some  cases  differ  significantly. 
Factors  controlling  speed 

51.  The  predicted  speeds  for  the  M114A1E1  in  FK1  and  WGT  were  very 
similar.  However,  distribution  of  the  controlling  factors  was  different. 
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Primarily  the  obstacles  (croprovs)  in  the  croplands  limited  speed  or  the 
M114A1E1  in  WGT  and  vegetation-soil-slope  combination  limited  speed  in  FK1. 
There  was  leas  similarity  between  predicted  speeds  for  the  M151A2  in  WGT 
and  in  the  Fort  Knox  study  areas  because  of  the  even  greater  influence  of 
the  croplands  in  WGT  on  the  speed  of  the  M151A2. 

52.  The  only  immobilizing  factor  which  occurred  in  WGT  and  not  in 
FK1  or  FK2  was  the  surface  soil  strength  factor,  which  represents  only 
0.2  percent  of  WGT  for  the  M151A2  and  0.1  percent  of  WGT  for  the  M114A1E1. 

53.  All  of  the  factors  limiting  speed  that  occurred  in  WGT  also 
occurred  in  both  FK1  and  FK2. 

Assessment 

54.  Terrain  units  can  be  selected  in  FK1  and  FK2  that  will  yield 
vehicle  performance  similar  to  that  in  terrain  units  in  WGT  and  for  the 
same  reasons.  With  some  slight  modifications  of  a  few  terrain  units  in 
FK1  and  the  extension  of  FK2  to  include  the  perimeter  road,  most  of  the 
variations  in  WGT  can  be  located  in  FK1  or  FK2.  However,  it  is  cautioned 
that  the  differences  in  areal  distributions  would  prevent  a  direct  com¬ 
parison  of  traverse  speeds  in  FK1  or  FX2  with  traverse  speeds  in  WGT. 
Nevertheless,  the  range  of  terrain  conditions  in  FK1  and  FK2  is  suffi¬ 
ciently  wide  that  the  results  of  tests  with  the  ARSV's  and  comparable 
vehicles  over  carefully  selected  traverses  in  FK1  and  FK2  may  be  used  to 
establish  confidence  in  the  AMC-71  mobility  model  predictions.  The  AMC- 
71  mobility  model  may  then  be  used  to  extend  the  evaluation  of  the  per¬ 
formance  of  the  ARSV’s  over  traverses  in  WGT. 
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PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


55.  Based  on  the  analysis  presented  herein,  and  principally  upon 
the  mobility  predictions  and  diagnostics  from  AMC-71,  and  considering 
terrain  impact  on  the  evaluation  of  the  ARSV's,  it  is  concluded  that: 

a  Traverses  can  be  selected  in  the  Fort  Knox  study  areas 
that  will  contain  sufficient  terrain  variations  for 
conducting  valid  mobility  evaluation  tests  with  the  ARSV's 

b.  The  terrain  conditions  that  can  be  found  at  Fort  Knox 
are  sufficiently  comparable  to  those  in  WGT  that  confi¬ 
dence  in  the  AMC-71  mobility  model  (difference  between 
predicted  and  measured  vehicle  performance)  established 
with  the  ARSV's  and  comparable  vehicles  in  the  Fort  Knox 
terrain  would  be  expected  to  also  apply  to  a  mobility 
evaluation  of  these  vehicles  in  WGT  using  the  AMC-71 
mobility  model. 


Recommendations 


56.  It  is  recommended  that: 

a.  MrS’.lity  tests  be  conducted  with  the  ARSV's  and  comparable 
Vw.ilcles  along  selected  traverses  in  FKl  and  FK2. 

b.  Results  of  these  tests  be  used  to  validate  predictions  for 
these  areas  made  by  the  AMC-71  mobility  model. 

c.  Mobility  evaluations  of  the  ARSV's  and  comparable  vehicles 
in  WGT  be  made  with  the  AMC-71  mobility  model. 

d.  Final  judgments  of  the  relative  mobility  potential  of  the 
ARSV  prototypes  and  comparison  vehicles  *  based  upon  the 
results  of  simulations  c  in  light  of  the  validation  in  b. 


Table  1 


Outline  of  Required  Tasks 

Task  A;  Terrain  Analysis  for  the  ARSV  Test  Program 

1.  Collect  field  data. 

2.  Prepare  terrain  factor  maps  of  selected  areas  at  Fort  Knox. 

3.  Compare  U.  S.  with  West  German  terrains. 

Task  B:  Validation  Testing 

1.  Select  traverses  for  field  validation  testing  at  Fort  Knox. 

2.  Predict  performance  of  selected  vehicles  In  all  Fort  Knox 
terrain  units  and  ever  selected  traverses  using  AMC-71  mobility  nodel. 

3.  Provde  TECOM  support  (personnel  and  Instrumentation). 

4.  Compare  field  and  predicted  vehicle  performance  data  and 
adjust  or  extend  AMC-71  mobility  model  as  required. 

Task  C:  Mobility  Evaluation 

1.  Predict  performance  for  six  vehicles  using  AMC-71  mobility 
model  and  WGT. 

2.  Select  mission  traverses  and  collect  vehicle  performance  data 
as  required. 

3.  Evaluate  performance  of  BTR-40P-2  over  same  traverses. 

4.  Conduct  parametric  analyses  of  specific  design  features. 

Task  D:  Mobility  Effectiveness  Evaluation 

1.  Describe  procedures  for  performing  mobility-visibility  effective¬ 
ness  analysis. 

2.  Evaluate  the  mobility-visibility  effectiveness  of  standard 
vehicles  to  be  compared  with  ARSV. 
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APPENDIX  A:  PROCEDURES  USED  IN  PREPARING  TERRAIN  MAPS 
OF  FORT  KNOX  AND  WEST  GERMAN  TERRAINS 


Introduction 


1.  This  appendix  presents  the  procedures  used  In  preparing  areal 
and  linear  terrain  factor  complex  maps  for  selected  Fort  Knox  terrains 
(FK1  and  FK2).  It  Includes  definitions  of  terrain  terms  applicable  to 
mobility  and  procedures  for  field  data  collection.  It  also  includes  a 
discussion  of  the  methodology  used  to  revise  the  existing  areal  terrain 
factor  complex  maps  of  the  West  Germany  transect  (WGT) . 

Definitions 

2.  The  general  terrain  terms  used  in  this  report  are  as  follows: 

a.  Terrain  factor.  Any  attribute  of  the  terrain  that  can  ade¬ 
quately  be  described  at  any  point  (or  Instant  of  time)  by  a  single  measur¬ 
able  value,  for  example,  slope  or  obstacle  height. 

1>.  Terrain  factor  value.  A  specific  occurrence  of  a  terrain 
factor.  For  example,  2  percent  is  a  factor  value  of  the  terrain  factor, 
slope . 

£.  Terrain  factor  class  (class  range).  A  specified  range  of 
factor  values  established  for  a  specific  purpose;  for  example,  a  range  of 
slope  from  0  to  2  percent. 

d.  Terrain  factor  class  number.  A  number  assigned  to  a  terrain 
factor  class  range.  For  mobility  purposes,  terrain  factor  class  numbers 

are  assigned  in  order  of  increasing  severity  of  effect  on  vehicle  performance. 

e.  Terrain  factor  complex  number.  A  combination  of  two  or  more 
terrain  factor  class  numbers  chosen  for  a  specific  purpose. 

£.  Terrain  unit.  A  patch  (areal)  or  length  (linear)  of  homo¬ 
geneous  terrain  as  defined  by  a  specific  array  of  terrain  factors. 

£.  Terrain  factor  family.  Two  or  more  terrain  factors  grouped 

together. 
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h.  Terrain  factor  nap.  A  nap  showing  the  terrain  factor  claaa 
number  associated  with  specific  map  coordinates. 

1,.  Terrain  factor  group  map.  A  map  showing  a  series  of  terrain 
factor  class  numbers  associated  with  specific  map  coordinates. 

Terrain  factor  complex  map.  A  map  which  shows  all  pertinent 
terrain  factor  class  numbers  associated  with  all  areal  terrain  or  all  linear 
terrain  shown  on  the  map. 

3.  The  surface  composition  terms  used  In  this  report  are  as  follows: 

a.  Fine-grained  soil.  A  soil  of  which  more  than  50  percent  of 
the  grains,  by  weight,  will  pass  through  a  No.  200  U.  S.  standard  sieve 
(smaller  than  0.074  mm  In  diameter). 

b.  Coarse-grained  soil.  A  soil  of  which  more  than  50  percent 
of  the  grains,  by  weight,  will  be  retained  on  a  No.  200  sieve  (larger  than 
0.074  mm  In  diameter). 

c.  Organic  soils  (muakeg) .  A  terrain  surface  composed  of  a 
living  organic  mat  of  mosses,  sedges,  and/or  grasses  with  or  without  tree 
or  shrub  growth.  Underneath  the  surface  there  is  a  mixture  of  partially 
decomposed  and  disintegrated  organic  material,  commonly  known  as  "peat" 
or  "muck." 

d.  Cone  index  (Cl) .  An  Index  of  shearing  resistance  of  soil 
obtained  with  the  cone  penetrometer.  The  value  represents  the  resistance 
of  the  soil  to  penetration  of  a  30-deg  cone  of  0.5  sq  In.  base  or  projected 
area  at  a  penetration  of  6  ft/mln. 

e.  Rating  cone  Index  (RCI).  Product  of  Cl  and  remolding  index 
(RI).  RI  Is  the  ratio  of  remolded  soil  strength  to  original  strength. 

RCI  expresses  the  soil  strength  rating  of  a  soil  subjected  to  vehicular 
traffic. 

4.  Surface  geometry  terms  used  in  this  report  are  as  follows: 

a.  Slops.  The  angular  deviation  of  a  surface  from  the  horizontal, 
expressed  as  a  percentage. 

b.  Obstacle  approach  angles  (A) .  The  angle  formed  by  the  in¬ 
clines  at  the  base  of  a  positive  or  top  of  a  negative  vertical  obstacle 
that  a  vehicle  must  sense  in  surmounting  the  obstacle  (see  sketch). 
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c.  Obstacle  base  width  (WB)«  The  distance  across  the  bottom 
of  the  obstacle  (see  sketch). 

d .  Obstacle  spacing  (OBS).  The  horizontal  distance  between 
< ontact  edges  of  vertical  obstacles  (see  sketch). 

e.  Obstacle  spacing  type  (OBST).  The  pattern  of  obstacle 
location  (linear  or  random — see  f  and  g). 

£.  Linear  obstacle  spacing  (LST).  Distance  between  obstacles 
which  cross  the  entire  terrain  unit  and  have  a  somewhat  regular  pattern, 
such  as  row  crops  or  rice  field  dikes. 

£.  Random  obstacle  spacing  (RST) .  Obstacles  which  do  not  cross 
the  entire  terrain  unit  and  have  a  somewhat  random  location,  such  as  stumps 
or  logs. 

h.  Obstacle  vertical  magnitude  (H) .  The  vertical  distance  from 
the  base  of  a  vertical  obstacle  to  the  crest  of  the  obstacle  (see  sketch). 

_i.  Obstacle  length  (OBL) .  The  length  of  the  long  axis  of  the 

obstacle. 

J^.  Surface  roughness.  Mlcrovarlatlons  of  the  terrain  surface 
that  adversely  affects  vehicle  ride  dynamics. 


5.  Vegetation  terms  used  in  this  report  are  as  follows: 

a.  Stem  diameter.  The  diameter  of  the  tree  stems  at  breast 
height  (A. 5  ft)  above  the  ground. 
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b.  Stem  spacing.  The  everege  dletence  between  tree  stems. 

This  value  la  computed  from  the  number  of  stems  per  unit  area. 

£•  Recomltlon  dlatance.  The  distance  at  which  a  vehicle 
driver  can  see  and  recognize  objects  that  may  be  hazardous  to  his  vehicle 
or  to  himself. 

6.  Linear  geometry  terms  used  In  this  report  are: 

a.  Left  approach  angle  (LAA)  and  right  approach  angle  (RAA). 

The  angle  the  stream  bank  or  obstacle  slope  makes  with  a  horizontal  plane. 
(Left  and  right  are  determined  looking  upstream.)  (See  sketch.) 

b.  Differential  bank  height  (DH)  or  differential  vertical 
magnitude  (DM).  The  difference  In  elevation  between  the  two  banks  or 


obstacle  approaches  (see  sketch). 


Least  difference  in  elevation  between  top  and  bottom  of  linear  feature 
(see  sketch). 

d.  Base  width  (BW)  or  top  width  (TW) .  Horizontal  distance 


between  two  banks  for  concave  feature  and  horizontal  distance  across  top 
of  convex  feature  (see  sketch). 

e.  Water  depth  (WD).  Vertical  height  of  water  above  bottom  of 
stream  (see  sketch) . 

_f .  Water  velocity  (WV).  Maximum  velocity  of  water  In  stream. 


Direction  of  Travel 


Fort  Knox  Terrains 


Utmtarg  survey 

7.  A  literature  survey  was  conducted  to  review  all  pertinent  terrain 
data,  aapa,  and  aerial  photographs  concerning  the  study  areas.  Agencies 
contacted  were  the  U.  S.  Army  Armor  and  Engineer  Board,  U.  S.  Geological 
Survey  Library,  Defense  Mapping  Agency,  and  the  Department  of  Agriculture. 

As  expected,  littla  or  no  quantitative  data  were  available  In  terms  of 
terrain  factors  needed  for  this  study. 

8.  Topographic  saps  of  Fort  Knox  at  scales  of  1:25,000  and  1:50,000 
were  obtained  for  this  study.  Geological,  landfona,  and  soils  maps  at  a 
scale  of  1:50,000  prepared  by  the  United  States  Geological  Survey,  Department 
of  Interior,  were  also  available.  The  search  for  the  most  recent  aerial 
photographic  coverage  at  a  scale  of  1:20,000  revealed  that  FK1  was  last 
photographed  in  1965  and  FK2  in  1972.  These  aerial  photos  were  obtained 
from  the  Defense  Mapping  Agency. 

Data  collection 

9.  The  field  data-collectlon  program  was  conducted  during 
6-24  March  1973.  During  this  period,  the  following  number  of  sites 
were  sampled: 


Area 

Areal  Terrain 
Sltea 

Linear  Terrain 

Sites 

Total 

FK1 

47 

12 

59 

FK2 

38 

22 

60 

Total 

85 

34 

119 

The  location  of  each  sample  site  is  shown  In  plates  A1  and  A2. 

10.  Data  sites  were  selected  by  studying  air  photos,  photo  mosaics, 
and  topographic  maps  and  by  making  ground  reconnaissance.  The  mosaics 
were  examined  co  Identify  vsrlations  in  tone  and  texture  indicative  of 
different  terrain  conditions.  In  most  cases,  the  sites  selected  were 
based  primarily  on  vegetation  differences  and  topographic  slope  since  often 
the  other  terrain  factors  are  closely  related  to  these  terrain  factors. 
After  the  sites  had  been  selected,  their  locations  were  spotted  on  topo¬ 
graphic  maps  of  each  area.  A  limited  ground  reconnaissance  was  made  of 
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each  area  to  Inspect  the  selected  sites  and  to  select  additional  sites 
where  there  were  terrain  variations  that  had  not  been  detected  from  the 
air  photos.  Some  additional  sites  were  also  selected  during  the  sampling 
program  when  other  variations  were  observed. 

11.  Waterways  Experiment  Station  (WES)  methods  were  employed  in 
collecting  data  for  each  terrain  factor.  Terrain  factor  values  required 
for  mapping  were  obtained  at  each  site.  Since  some  sites  were  selected 
to  describe  particular  terrain  factors  that  were  different  from  others  in 
the  surrounding  area,  those  terrain  factors  ttu.t  were  not  different  were 
not  remeasured.  The  primary  reason  for  not  measuring  all  terrain  factors 
at  each  site  was  to  conserve  time  and  thereby  permit  more  sites  to  be 
visited. 

12.  Surface  composition.  Surface  r  position  data  collected  Included 
cone  index  (Cl),  remolding  index  (RI),  bulk  samples,  moisture  content  and 
density,  and  surface  sheargraph1  measurements.  Cone  index  was  measured  by 
making  10  penetrations  in  an  area  10  ft  by  20  ft  in  size.  For  each  pene¬ 
tration,  the  Cl  was  measured  at  the  surface  and  at  3-in.  vertical  incre¬ 
ments  to  a  depth  of  12  in.  RI  was  measured  for  the  0-  to  6-in.  layer  near 
the  center  of  the  sample  area.  RI  was  measured  for  the  6-  to  12-in.  layer 
for  only  a  few  sites  in  each  study  area. 

13.  Representative  bulk  samples  were  taken  for  laboratory  deter¬ 
mination  of  Atterberg  limits  and  other  soil  properties  necessary  for  soil 
classification.  Samples  were  also  obtained  for  laboratory  analysis  of 
moisture  and  density;  these  samples  were  usually  taken  from  sites  adjacent 
to  where  RI  was  measured.  Sheargraph  measurements  of  c  and  <t>  were 
obtained  at  a  few  sites. 

14.  Surface  geometry.  The  surface  geometry  data  collected  Included 
slope,  obstacle  geometry,  and  surface  roughness  descriptions. 

a.  Slope.  The  slope  representative  of  the  sample  site  was 
measured  with  an  Abney  level.  The  aslmuth  looking  upslope  was  determined 
using  a  Brunton  compass. 

b.  Obstacle  geometry.  The  obstacle  (log,  boulder,  ditches), 
if  any,  most  typical  of  the  sample  area  was  selected  for  description  pur¬ 
poses.  The  obstacle  was  described  in  terms  of  approach  angle,  vertical 
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magnitude,  length,  width,  spacing,  and  spacing  type.  The  orientation  of 
linear  obstacles  was  measured.  In  some  cases  no  obstacles  were  found  in 
the  sample  area  and  this  was  noted. 

c.  Surface  roughness.  A  profile  of  the  ground  surface  repre¬ 
sentative  of  the  sample  site  was  measured  with  an  engineer  level,  a  steal 
tape,  and  a  Philadelphia  rod.  The  length  of  the  profile  varied  but  was 
normally  about  200  ft.  Vertical  elevations  were  taken  at  1-ft  horizontal 
increments  except  where  the  ground  surface  was  Judged  exceptionally  saaoth. 
The  azimuth  of  the  profile  was  measured  with  a  Brunton  compass.  The  pro¬ 
file  data  were  processed  to  obtain  the  root  mean  square  (rms),  a  measure 
of  the  deviation  of  the  amplitudes  from  the  mean.  Prior  to  the  calculation 
of  rms,  special  techniques  were  used  in  processing  the  data  to  remove  slope 
and  long  wave  lengths  from  the  profile. 

15.  Vegetation.  The  vegetation  factors  measured  were  stem  size, 
stem  spacing,  stem  diameter,  visibility,  and  tree  height. 

16.  Stem  diameter  and  stem  spacing  measurements  were  made  in  ac¬ 
cordance  with  the  structural  cell  sampling  technique.  In  brief,  a  struc¬ 
tural  cell  may  be  defined  as  a  minimum  area  which  includes  a  statistically 
significant  sample  of  all  the  Important  variations  in  terms  of  selected 
parameters  present  In  a  given  vegetation  assemblage.  In  this  study,  the 
major  interest  was  the  distribution  of  tree  stems  of  specific  diameters. 

17.  The  sampling  procedure  used  for  describing  vegetation  stem  is 
as  follows:  A  cell  center  that  appears  to  be  representative  of  the  area 
is  selected  in  the  vegetation  assemblage.  A  cell  size  Is  then  selected 
chat  contains  20  or  more  stems  of  the  classes  of  stem  sizes  of  Interest. 

The  diameter  of  the  sample  cell  and  the  diameter  of  each  stem  in  the  cell 
are  raeasured.  Procedures  for  computing  stem  spacing  from  number  of  stems 
and  area  of  cell  are  described  in  reference  2. 

13.  Visibility  was  sampled  at  each  site;  a  five-point  star  was 
used  as  a  target  to  determine  recognition  distance  at  1  ft  above  ground. 

The  sampling  procedure  at  each  site  was  as  follows.  A  five-point  star 
target  was  held  1  ft  above  the  ground  along  an  azimuth  of  the  vegetation 
structural  cell  center.  An  observer  directed  the  individual  to  move  away 
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fro*  the  structural  cell  until  he  could  recognize  only  two  points  of  the 
star  target.  The  distance  from  the  observer  to  the  target  was  recorded 
as  the  recognition  distance.  This  procedure  was  repeated  along  two  ad¬ 
ditional  azimuths.  These  data  were  averaged  for  the  site. 

19.  Tree-height  measurements  were  made  at  each  data  site  for  use 
in  the  mobility  effectiveness  efforts  (task  D)  of  the  ARSV  cost  and  per¬ 
formance  study.  Tree  height  was  determined  from  measurements  with  a  Haga 
altimeter  and  a  steel  tape.  The  method  of  determining  tree  height  Is 
illustrated  below: 

*r  '  +  dh 


where: 

■  Height  of  tree 

■  Height  of  tree  above  observer's  eye 

H£  ■  Height  of  observer's  eye 
tan  i (>  -  Read  directly  from  Haga  altimeter 

20.  Linear  geometry.  Field  data  collected  for  each  linear  feature 
Included  a  profile  taken  perpendicular  to  the  feature.  The  section  se¬ 
lected  for  measurement  was  a  typical  cross  section  of  the  features,  such 
as  streams,  ditches,  road  embankments,  road  cuts,  etc.  A  starting  point 
was  selected  some  20-30  ft  from  the  edge  of  the  feature,  and  a  base  line 


perpendicular  Co  the  feaCure  was  established.  The  azimuth  of  the  base  line 
was  determined  with  a  Brunton  compass.  A  steel  tape  was  placed  at  the 
original  point  and  extended  along  the  base  line  to  a  terminal  point  20  to 
30  ft  from  the  edge  of  feature  on  the  opposite  bank.  Horizontal  distances 
were  measured  directly  from  the  tape.  Vertical  offsets  were  taken  with 
the  transit  and  a  Philadelphia  rod.  When  the  water  In  the  linear  feature 
was  too  deep  for  wading,  the  vertical  offsets  were  obtained  with  a  sounding 
line.  Cl  was  measured  on  both  banks  of  the  feature  and  in  the  atreambed 
or  on  top  of  embankment  features.  Normally,  three  measurements  were  made 
at  each  of  the  above  locations  of  the  linear  feature. 

21.  When  applicable,  current  velocities  and  water  depth  were  measured. 
The  velocity  was  measured  by  placing  a  wood  chip  in  the  water  and  measuring 
the  time  required  for  It  to  travel  a  specified  distance. 

22.  Supplementary  data.  Other  terrain  data  collected  at  each  site 
were  land  use,  depth  to  water  table,  ground  cover,  and  topographic  position. 
Ground  photos  were  also  obtained  at  each  data  site. 

23.  Photographs  taken  at  some  of  tho  data  sites  and  at  other  selected 
locations  In  FK1  and  FK2  are  shown  (photographs  1-5).  The  photographs 

are  located  by  their  military  grid  coordinates. 

Hate  summaries 

24.  Summaries  of  the  field  data  collected  at  each  areal  and  linear 
terrain  site  ere  given  In  tables  A1-A7. 

Terrain  factor  classification 

25.  In  order  to  show  factor  values  as  arsal  or  linear  phenomena 
rather  than  as  a  number  of  Isolated  points.  It  Is  necessary  to  group  ter¬ 
rain  factor  values  into  terrsln  factor  classes.  The  terrain  factor  classes 


used  In  this  study  to  describe  areal  terrain  factors  and  linear  terrain 

factors  are  given  in  tables  A8  and  A9,  respectively.  Each  terrain  factor 

value  measured  or  estimated  was  placed  Into  a  terrain  factor  class  on 

the  field  data  form. 

Preparation  of  terrain  factor 
and  factor  group  waps _ 

26.  The  data  site  locations  were  plotted  on  a  photo  mosaic.  The 
mosaic  was  then  used  to  prepare  overlays  showing  both  the  location  of 
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each  site  and  the  appropriate  terrain  factor  daaa  numbers  or  terrain 
factor  group  numbers  assigned  to  the  site.  These  overlays  served  as  a 
base  for  preparing  surface  composition,  slope,  obstacle  geometry,  surface 
roughnesa,  vegetation,  and  visibility  maps. 

27.  Drafting,  reproduction,  and  symbol  recognition  considerations 
dictated  that  the  minimum  width  of  any  delineated  area  would  be  approximately 
1/10  In.;  thus,  the  smallest  uappable  area  was  a  circle  1/10  In.  In  diameter, 
which  represents  208  ft  on  the  base  map  (scale  1:25,000).  Terrain  factor 
maps  or  terrain  factor  group  maps  were  prepared  as  follows. 

28.  Surface  composition  map.  The  tiurface  composition  factors  mapped 
in  this  study  were  surface  material  type  and  surface  strength.  Since  field 
samples  revealed  that  all  the  soils  In  both  FK1  and  FK2  were  fine-grained, 
both  surface  material  type  and  surface  strength  were  portrayed  on  the 

same  map.  Surface  strength  was  mapped  *t  only  the  moisture  condition  that 
was  encountered  during  the  time  of  measurement  (wet  season);  although  tike 
largest  amounts  of  rainfall  generally  occur  in  April  and  May,  the  soli 
moisture  was  at  field  maximum  at  the  time  of  testing.  Topographic  position, 
depth  to  bedrock,  topographic  slope,  drainage  characteristics,  and  land 
use  were  used  In  establishing  the  boundary  between  soil  strength  classes. 
Separate  surface  composition  maps  were  prepared  for  linear  and  areal  terrains. 
An  example  of  a  surface  composition  map  for  a  portion  of  FK2  used  In 
formulating  areal  terrain  units  Is  given  In  fig.  Al. 

29.  Slope  map.  Slope  factor  maps  were  prepared  from  topographic 
raapa  having  a  scale  of  1:50,000  and  20-ft  contour  Intervals.  Topographic 
maps  having  a  scale  of  1:25,000  with  some  10-ft  contours  were  used  to 
suppl  ement  the  1:50,000  maps  where  required.  Field  data  were  used  to 
verify  the  slopes  established  from  topographic  maps.  A  slope  factor  map 
for  a  portion  of  FK2  Is  given  In  fi^.  A2. 

30.  Obstacle  maps.  Recognition  and  description  of  obstacles  from 
aerial  photos  are  difficult  to  Impossible  In  most  cases.  For  example,  an 
area  on  a  photo  that  appears  to  contain  large  trees  spaced  closely  together 
may  or  may  not  contain  logs  or  stumps.  Thus,  the  field  dam  collected  for 
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*  Each  map  unit  represents  an  array  of 
two  symbols  indicating  soil  type  and 
soil  strength. 

Mapping  class  ranges  for  soil  type  and  soil  strength  are: 


SOIL  TYPE 

SOIL 

STRENGTH 

FACTOR 

FACTOR 

CLASS  NO. 

TYPE 

CLASS 

RCI 

1 

Fine  grained  soil 

1 

>280 

2 

Coarse  grained  soil 

2 

221  -  280 

3 

Muskeg 

3 

161  -  220 

4 

101  -  160 

5 
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33  -  40 

8 

26  -  32 

9 
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10 

11  -  16 

11 

0-10 

Fig.  Al.  Surface  composition  map  (multiple  factor) 


describing  the  obstacle  factors  (approach  angle,  vertical  magnitude,  length, 
width,  spacing,  and  spacing  type)  were  used  to  identify  and  describe 
obstacles.  Tone  and  texture  patterns,  topographic  maps,  and  land  use  were 
used  to  establish  boundaries  between  obstacle  classes. 

31.  Since  the  data  measured  at  each  site  describe  a  specific  obstacle, 
it  was  more  convenient  to  prepare  a  single  map  for  obstacles  than  to 
prepare  individual  factor  maps  for  each  obstacle  factor.  The  obstacle 

map  for  a  portion  of  FK2  is  given  in  fig.  A3. 

32.  Surface  roughness  maps.  Surface  roughness  (rms)  was  determined 
from  measured  microprofile  data.  Boundaries  for  the  surface  roughness 
factor  were  established  with  the  aid  of  air  photos  and  field  observations. 
Fig.  A4  is  a  surface  roughness  factor  mep  of  a  portion  of  FK2. 

33.  Vegetation.  Boundaries  of  different  vegetation  assemblages 
were  drawn  c<n  air  photos  on  the  basis  of  pattern  identification.  For 
this  study,  field  measurements  of  stem  diameter  and  stem  spacing  were 
associated  with  particular  air-photo  patterns.  Since  all  eight  factors 
that  describe  a  single  vegetation  assemblage  were  related  to  particular 
air-photo  patterns,  it  was  more  convenient  to  prepare  a  single  map  con¬ 
taining  all  eJ  ht  factors  than  to  prepare  individual  factor  maps  for 
each  stem  diameter  size. 

34.  The  vegetation  map  for  a  portion  of  FK2  is  shown  in  fig.  A5. 

35.  Visibility.  As  a  general  rule,  boundaries  for  the  visibility 
factor  maps  followed  closely  those  of  the  vegetation  map,  except  where 
boundaries  were  noted  to  be  different  during  field  sampling.  A  portion 
of  a  visibility  factor  map  for  FK.2  is  given  in  fig.  A6. 

36.  Linear  geometry.  Stereoscopic  examination  of  the  air  photos, 
topographic  maps,  field  measurements,  ground  photos,  personal  observations 
of  areas,  and  background  knowledge  of  hydrologic  principles  were  the  basic 
tools  for  mapping  linear  features.  The  first  step  was  to  prepare  a  base 
map  identifying  the  linear  features.  A  linear  geometry  map  was  then 
established  by  use  of  a  specific  combination  of  terrain  factor  classes 
measured  at  each  site.  Tick  marks  were  used  to  separate  linear  features 
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Fig-  A3-  Obstacle  map  (multiple  factors) 
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FACTOR 

SURFACE 

CLASS  NO. 

ROUGHNESS ,  rms 

1* 

.0  -  .4 

2 

.5  -  1.5 

3 

1.6  -  2.5 

4* 

2.6  -  3.5 

5 

3.6  -  4.5 

6* 

4.6  -  5.5 

7* 

5.6  -  6.5 

8* 

6.6  -  7.5 

9* 

>7.6 

*  Units  not  on  this  map. 


Fig.  A4.  Surface  .roughness  map  (single  factor) 
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.0  - 
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*  Units  not  on  map. 


Fig.  A6.  Visibility  ia?.p  (single  factor) 


Preparation  of  terrain 
factor  complex  maps 


37.  Areal  terrain  factor  complex  maps.  The  areal  terrain  factor 
complex  maps  prepared  for  the  Ft.  Knox  study  areas  are  composite  terrain 
factor  maps.  In  this  study  surface  composition,  slope,  obstacle  geometry, 
surface  roughness,  vegetation  structure,  and  visibility  maps  were  combined 
in  that  order  to  formulate  the  terrain  factor  complex  maps.  This  process 
is  Illustrated  In  fig.  A7  In  which  the  sample  terrain  factor  and  factor 
group  maps  In  figs.  A1-A6  are  successively  overlaid. 

38.  A  transparent  copy  of  a  surface  composition  factor-family  map 
was  used  as  a  base  for  an  areal  factor  complex  map.  Each  map  unit  was 
identified  by  a  single  number  that  represented  the  class  values  of  soil  type 
and  soil  mass  strength  (figs.  A1  and  A7a).  The  slope  map  was  then  super¬ 
imposed  on  the  surface  composition  map  and  all  lines  that  did  not  coincide 
with  the  lines  on  the  surface  geometry  map  were  transcribed.  Every  outlined 
area  was  then  identified  by  two  numbers,  the  first  of  which  represents  a 

map  unit  of  surface  composition  and  the  second,  a  map  unit  of  slope  (fig.  A7b). 
For  example,  the  shaded  area  designation  (5,  2)  Indicates  a  map  unit  of  5 
for  surface  composition  and  a  map  unit  of  2  for  slope.  The  obstacle  geometry 
map  was  then  superimposed  on  the  surface  composlton-slope  map  and  all  lines 
not  coincident  were  transcribed.  The  resulting  areas  were  identified  by 
three  numbers  or  number  designations  representing  map  units  of  soil  composi¬ 
tion,  slope,  and  obstacle  geometry,  in  that  order  (fig.  A7c).  For  example, 
in  thf  designation  (5,  2,  18),  5  identifies  the  surface  composition  map  unit, 

2  identifies  the  slope  map  unit,  and  18  identifies  the  obstacle  geometry  map 
unit. 

39.  The  surface  roughness  map,  the  vegetation  structure  map,  and  the 
visibility  map  were  superimposed  on  the  surface  composition-slope-obstacle 
map  one  at  a  time,  and  each  time  lines  that  were  not  coincident  were  added 
and  a  map  number  designation  added  (figs.  A7d,  A7e,  and  A7f).  This  resulted 
in  a  six-number  designation.  For  example,  in  the  designation  (5,  2,  18,  2, 

01,  2),  the  5  identifies  the  surface  composition,  2  identifies  the  slope, 
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18  Identifies  the  obstscle  geometry,  2  identifies  the  surface  roughness, 

01  identifies  the  vegetation,  and  the  2  identifies  the  visibility.  The 
designation  was  then  replaced  by  a  single  number  (82)  keyed  to  the  map 
units  for  surface  composition,  slope,  obstacle  geometry,  surface  roughness, 
vegetstlon  structure,  and  visibility  (fig.  A8).  This  number  is  called  the 
terrain  unit  number. 

40.  One  hundred  ninety-two  areal  terrain  units  were  required  to 
describe  FK1  and  193  areal  terrain  units  were  required  to  describe  FK2. 
Separate  areal  terrain  factor  complex  maps  of  FK1  and  FK2  are  given  in 
plates  A3  and  A4,  respectively.  Legends  for  the  factor  maps  of  FK1  and 
7K2  are  given  in  tables  A10  and  All,  respectively. 

41.  Linear  terrain  factor  complex  maps.  The  linear  factor  complex 
map  la  a  composite  of  linear  geometry  and  surface  composition  maps.  The 
linear  terrain  map  Includes  the  geometry  of  drainage  features,  escarpments, 
and  road  embankments.  The  linear  factor  complex  map  was  compiled  from  the 
linear  surface  composition  map  and  the  linear  surface  geometry  in  the  same 
manner  as  the  areal  terrain  factor  complex  map. 

42.  Seventeen  linear  terrain  units  were  required  to  describe  FK1 
and  13  linear  terrain  units  were  required  to  describe  FK2.  Linear  terrain 
factor  maps  and  map  legends  for  FK1  and  FK2  are  given  in  plates  A5  and  A6 
and  tables  A12  and  A13,  respectively. 

West  German  Terrain 


Revision  of  surface 
roughness  factor 

43.  The  units  shown  on  the  available  areal  terrain  factor  complex 
map  of  the  West  German  transect  were  formed  by  the  process  of  superimposing 
all  the  terrain  factors  shown  in  table  A14  except  surface  roughness.  In 
the  original  mapping,  a  statistical  sampling  procedure  was  used  to  assign 
a  surface  roughness  factor  class  to  each  terrain  unit.  Although  this 
scheme  was  adequate  for  some  earlier  studies,  it  was  believed  that  for  the 
current  study  a  more  realistic  approach  was  required  for  the  determination 
of  the  surface  roughness. 

O 
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44.  Ideally  the  solution  would  be  to  prepare  a  surface  roughness 
map  based  on  measured  surface  profiles  In  the  area.  The  original  plan 
called  for  exactly  that— to  send  a  team  to  West  Germany  to  collect  ad¬ 
ditional  ground  truth  data  to  complete  the  existing  maps  of  the  West  German 
terrain.  A  request  by  WES  and  TACOM  to  visit  West  Germany  was  denied; 
therefore,  the  plan  was  modified  to  use  available  data  to  develop  a  more 
realistic  estimate  of  rms  for  terrain  unit  on  the  existing  map.  No  new 
terrain  units  would  be  created  as  a  result  of  surface  roughness  revisions. 

45.  The  available  data  consisted  of  air  photographs  and  topographic 
maps  of  the  transect  area.  Measured  profiles  and  ground-level  photos 

In  somewhat  similar  areas  in  Germany  and  In  the  United  States,  descriptions 
and  ground-level  photographs  of  other  areas  In  West  Germany,  and  the 
aforementioned  terrain  factor  complex  map  were  also  available. 

46.  Obviously,  surface  roughness  In  terms  of  rms  cannot  be  read 
directly  from  an  air-photo  or  topographic  map.  It  was  suspected,  however, 
that  rms  could  be  inferred  from  other  things  that  could  themselves  be 
recognized  on  air  photos  and  topographic  maps.  After  examination  of 

the  available  data  (Including  comparison  of  ground-level  photographs  taken 
In  West  Germany  and  the  United  States)  and  a  visual  Inspection  of  the 
terrain  In  the  local  (Warren  County,  Mississippi)  area.  It  was  concluded 
that  a  reasonable  approximation  of  surface  roughness  could  be  Inferred 
from  land  use  when  cognizance  is  taken  of  topographic  slope. 

47.  Land-use  map.  Accordingly,  a  land-use  map  of  the  transect 
was  prepared  from  the  air  photos.  The  classes  of  land  use  that  could  be 
recognized  on  the  air  photos  and  that  were  assumed  to  be  significant  In 
this  exercise  were: 

a.  Towns:  Including  industrial  and  residential  areas. 

b.  Natural  woodland:  woodlands  along  streams  and  rivers,  and 
occasionally  on  steep  slopes,  which  do  not  appear  to  be  cultivated  woodlands. 

£.  Dense  woodland:  woodlands  of  sufficient  density  that  in¬ 
dividual  trees  cannot  be  recognized,  with  crowns  of  approximately  uniform 
height,  suggesting  cultivation. 
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d.  Sparse  woodland:  woodlands  of  such  density  that  Individual 
trees  can  be  recognized. 

e.  Cleared:  grass-  or  brush-covered  areas  within  or  along  the 
edge  of  woodlands. 

f. .  Orchard:  trees  ob/lously  In  a  regular  geoaetrlc  pattern. 

&.  Cropland:  Including  both  row  and  broadcast  cultivated  areas. 

h.  Vineyard:  a  distinct  and  easily  recognizable  feature  on 
steep  slopes. 


I.  Pasture:  grass-covered  areas,  usually  along  streams,  which 
do  not  have  the  rectangular  pattern  associated  with  croplands. 

J. .  Quarry:  an  easily  recognizable  feature,  devoid  of  vegeta¬ 
tion,  usually  with  near-vertical  depressions. 

k.  Bare:  areas  devoid  of  vegetation,  which  lack  the  rectan¬ 
gular  pattern  associated  with  croplands  and  the  near*vertlcal  depressions 
associated  with  quarries;  possibly  construction  sites  or  borrow  areas. 

48.  Surface  roughness  factor  map.  The  land-use  map  and  the  existing 
slope  factor  map  were  then  combined  Into  a  surface  roughness  factor  map 
using  the  surface  roughness  classes  given  in  the  following  tabulation. 

The  range  of  each  surface  roughneaa  class  In  terms  of  rms  Is  given  In 
table  A8. 


Land  Use 

Cropland 

Orchard 

Dense  woodland 

Natural  woodland 

Sparse  woodland 

Cleared 

Pasture 

Quarry 

Vineyard 

Towns 

Bare 


Slope 

Class 

1 

2 

2 

2 

2 

2 

2 

2 


Slope 

Class 

2 

2 

2 

2 

2 

2 

2 

2 


Surface  Roughness  Class 


Slope 

Slope 

Slope 

Class 

Class 

Class 

3 

4 

5 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

3 

4 

4 

3 

4 

4 

3 

4 

4 

- 

4 

4 

Special  Rules  Apply 
Special  Rules  Apply 


Slope 

Class 

6 

2 

2 

2 

4 

4 

4 

4 

4 

4 


Slope 

Class 

7 

2 

2 

2 

4 

4 

4 

4 

4 

4 


49.  The  classes  of  surface  roughness  assigned  in  the  foregoing 
tabulation  were  developed  from  th«i  available  data  where  possible.  Although 
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previous  terrain  and  mobility  studies  *  In  West  Germany  have  not  Included 
surface  profiles  taken  to  establish  surface  roughness  values*  they  have 
Included  some  surface  profiles  that  can  be  used  for  this  purpose  and  have 
included  descriptions  from  which  rms  can  be  reasonably  Inferred.  Surface 
roughness  data  for  some  areas  In  the  United  States  mere  available  from  studies 
conducted  for  the  validation  of  the  AMC-71  mobility  model.  For  land  use- 
slope  combinations  for  which  no  data  were  available*  tve  surface  roughness 
class  was  assigned  on  the  basis  of  existing  data,  engineering  judgment* 
and  knowledge  of  the  general  area,  tempered  by  an  awareness  of  how  surface 
roughness  affects  vehicle  performance  and  of  how  these  data  are  used  In 
the  AMC-71  mobility  Mdel. 

50.  Note  that  only  three  classes  of  surface  roughness  occur  In  the 
tabulation — surface  roughness  classes  2*  j,  and  4  from  table  A8.  Surface 
roughness  class  1,  which  represents  an  rms  value  range  of  0.0  to  0.4  In. 
la,  by  existing  ground  rules,  reserved  for  roads.  (An  rms  value  In  this 
range  could  occur  on  playas,  salt  flats,  or  beach  flats,  but  the  likelihood 
of  such  occurrence  in  this  area  of  Weot  Germany  la  virtually  nonexistent.) 

No  surface  roughness  class  graater  than  4  is  shown  In  the  table  for  two 
reasons — first*  class  4  extends  to  an  rms  value  of  4.5  and  greater  values 
are  rarely  found;  second,  the  difference  in  the  effect  of  surface  roughness 
class  4  and  higher  classes  on  speed  predictions  is  insignificant. 

51.  The  limited  data  available  indicated  that  surface  roughness 
generally  increased  with  an  increase  in  slope  for  the  same  land  use. 

Normally,  erosion  may  be  expected  to  be  more  severe  on  steeper  slopes, 
with  an  accompanying  Increase  in  surface  roughness.  The  broadness  of  the 
class  ranges  of  surface  roughness  tends  to  obscure  this  In  the  tabulation, 
although  the  Indication  exists  with  some  exceptions. 

52.  The  measured  values  of  surface  roughness  for  cropland  were 
available  only  for  croplands  on  the  lower  slopes.  These  data  yielded  a 
surface  roughness  class  2.  Thia  same  class  of  surface  roughness  was 
assigned  to  croplands  on  higher  slopes  because  it  was  believed  that  the 
surface  roughness  in  croplands  would  be  almost  entirely  dependent  upon 
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agricultural  practices.  Moreover,  It  seemed  likely  that  the  slope  Itself 
may  have  been  modified;  the  land-use  identification  from  the  air  photos  Is 
more  reliable  than  the  slope  values  from  the  topographic  map. 

53.  The  establishment  of  the  surface  roughness  for  orchards  generally 
followed  the  reasoning  given  above  for  croplands,  except  that  orchards  on 
slope  classes  6  and  7  were  assigned  a  surface  roughness  class  of  three. 

54.  Sufficient  data  were  available  to  fix  the  surface  roughness 
class  of  dense  woodlands  and  natural  woodlands  throughout  the  slope  range 
with  confidence. 

55.  The  establishment  of  surface  roughness  for  sparse  woodland, 
cleared,  and  pasture  areas  was  aided  by  inspection  of  similar  terrain  in 
Warren  County,  Mississippi,  to  supplement  the  available  data. 

56.  A  class  4  surface  roughness  was  assigned  to  vineyards  and 
quarries  on  the  basis  of  discussions  with  personnel  familiar  with  the 
area. 

57.  The  special  rules  which  apply  to  towns  and  to  bare  areas  are 
dlr-cussed  in  paragraphs  58  and  59. 

58.  It  should  be  pointed  out  that  not  all  of  the  land  use-slope 
combinations  shown  In  the  tabulation  occur  in  the  West  German  transect— 
for  instance,  pastures  were  not  found  on  the  steeper  slopes,  orchards 
were  not  found  on  the  lower  slopes,  etc. 

59.  Assignment  of  surface  roughness  to  terrain  units.  To  determine 
surface  roughness  class  for  each  terrain  unit,  the  areal  terrain  factor 
complex  map  and  the  surface  roughness  factor  maps  were  overlaid.  Some 
terrain  units  which  occurred  many  times  were  found  in  areas  of  different 
surface  roughness  as  indicated  by  the  surface  roughness  factor  map.  This 
was  expected  since  several  patches  of  terrain  could  be  described  in  exactly 
the  same  way  on  the  terrain  factor  complex  map  and  still  have  different 
land  uses  and,  hence,  different  surface  roughnesses.  For  instance,  a 
particular  terrain  unit  night  occur  in  cropland  and  also  occur  in  a  cleared 
or  pasture  area.  Both  would  be  properly  described  by  the  same  areal 
terrain  factor  complex  number  (except  for  surface  roughness,  which  was 

not  evaluated  in  the  original  preparation  of  the  areal  terrain  factor 
complex  maps).  The  same  condition  obtains  for  orchards  and  certain  *  , 
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woodlands.  Since  one  of  Che  constraints  of  thia  exercise  prohibited  the 
establishment  of  additional  terrain  units,  it  was  impossible  to  assign 
different  surface  roughness  values  to  separate  occurrences  of  CAe  sane 
terrain  unit.  Therefore,  when  a  terrain  unit  fell  Into  different  surface 
roughness  classes  as  Indicated  by  the  surface  roughness  values  to  separate 
occurrences  of  the  same  terrain  unit.  Therefore,  when  a  terrain  unit  fell 
into  different  surface  roughness  classes  as  indicated  by  the  surface  rough¬ 
ness  factor  map,  the  surface  roughness  class  which  represented  the  largest 
area  was  assigned  to  that  terrain  unit. 

60.  The  treatment  of  towns  was  admittedly  arbitrary  and,  hopefully, 
a  one-time-only  procedure  solely  for  thin  exercise.  It  is  believed  that 
vehicles  traveling  through  t''wa  will  use  streets  and  roads  which  will 
generally  fall  into  surface  roughness  classes  1  or  2.  However,  towns, 

per  se,  were  not  delineated  on  ths  areal  terrain  factor  complex  map.  As 
a  result,  a  given  terrain  unit  may  occur  within  and  outside  of  a  town. 

In  this  event,  the  surface  roughness  class  applicable  to  the  occurrence 
outside  of  the  town  was  assigned  to  the  terrain  unit.  When  all  occurrences 
of  a  terrain  unit  fell  within  a  town,  a  surface  roughness  class  2  was  as¬ 
signed  to  the  terrain  unit. 

61.  For  terrain  units  occurring  in  bare  areas,  the  surface  roughness 
class  was  established  by  consideration  of  the  obstacles  present.  If  no 
obstacles  were  present,  surface  roughness  class  2  was  assigned;  if  small 
obstacles  were  present,  the  area  was  considered  to  be  the  same  as  cleared 
areas  (for  the  purpose  of  surface  roughness)  and  the  values  of  surface 
roughness  established  for  cleared  areas  in  the  foregoing  tabulation  were 
used;  if  large  obstacles  were  present,  a  surface  roughness  class  4  was 
assigned  to  the  terrain  unit. 

62.  It  should  be  noted  that  the  procedures  given  herein  were  gen¬ 
erally  followed  to  the  maximum  practical  extent.  However,  some  terrain 
units  were  examined  Individually  (in  stereo)  and  assigned  a  surface  rough¬ 
ness  class  of  best  fit  based  on  experience  and  judgment.  This  procedure 
was  occasionally  necessitated  when  land-use  boundaries  and  terrain-unit 
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boundaries  did  not  coincide,  when  land-use  identification  .&  questionable 
or  did  not  clearly  fit  one  of  the  established  categories,  and  when  an 
apparent  anomally  existed. 

Areal  terrain  factor  complex  nap 

63.  The  areal  terrain  factor  complex  maps  for  WGT  are  given  in 
plate  A7;  the  new  legend  prepared  for  this  study  is  given  in  table  A14. 
Linear  terrain  factor  complex  maps 

64.  The  linear  terrain  factor  complex  maps  for  WGR  are  given  in 
plates  A8  and  A9;  the  legend  is  given  in  table  A15. 
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11  rur 

004(47 

0 

4 

223 

14 

4( 

130 

200 

L 

27 

ft  M.»r 

472(30 

0 

3 

No  ototaclai  racagnlutf 

ft 

20 

ft  Mar 

444042 

200 

11 

223 

24 

2ft 

23 

20 

R 

:t 

'  Iter 

00403) 

217 

13 

103 

10 

10 

14 

200 

a 

10 

s  Iter 

447(71 

121 

( 

230 

7 

20 

100 

100 

L 

u 

*  Mar 

00X74 

.30 

( 

223 

24 

14 

230 

30 

ft 

12 

1  Mar 

472(41 

2(3 

7 

No  obataclaa  racognlaaft 

ii 

l  Mar 

44X43 

207 

( 

40 

4 

ft 

40 

30 

R 

M 

11  Mar 

4(3(44 

100 

10 

220 

12 

1( 

30 

too 

R 

13 

11  Mar 

003(70 

314 

7 

210 

14 

24 

no 

100 

R 

14 

21  Mar 

442047 

MD 

3 

to 

10 

24 

100 

230 

R 

17 

.2  Mar 

470044 

113 

( 

40 

12 

12 

13 

30 

ft 

X 

12  Mar 

447(43 

200 

11 

223 

24 

24 

25 

20 

ft 
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Table  A4 


Su—ary  of  Surface  loughnaaa  Data  for  Areal  Tarraln  Sites 
Fort  Knox.  Kentucky 

i 


Sica  No. 

Surface  loughnaaa 
ns.  In. 

Site  No. 

Surface  loughnaaa 
ns.  in. 

WC1 

FK2 

1 

0.602 

1 

0.957 

3 

1.619 

2 

1.242 

6 

1.810 

3 

3.107 

8 

1.399 

4 

1.613 

9 

1.162 

5 

2.630 

10 

1.210 

6 

1.347 

11 

1.021 

7 

3.441 

12 

1.035 

9 

3.033 

13 

2.033 

10 

2.344 

15 

0.749 

12 

4.403 

18 

1.485 

16 

2.340 

19 

1.182 

19 

1.188 

23 

0.699 

20 

3.367 

24 

0.821 

22 

1.597 

26 

1.223 

23 

1.114 

27 

0.626 

24 

1.135 

34 

0.381 

26 

1.233 

42 

1.545 

27 

1.139 

30 

3.078 

31 

2.929 

34 

2.264 

35 

3.050 
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l 

12  Mr 

0>44i7 

10. t 

11.2 

21.1 

23.1 

44.1 

126.0 

126.0 

m.o 

20 

IS 

46 

40 

71 

11 

2 

12  Nat 

040464 

6.1 

7.2 

9  4 

12  1 

21.1 

26.) 

126.0 

m.o 

70 

40 

40 

41 

40 

42 

J 

12  Mar 

047442 

120.0 

120.0 

126.0 

126.0 

120.0 

126.0 

121.0 

m.o 

1 

1 

200 

200 

200 

200 

4 

12  Mr 

046446 

126.0 

1V6.0 

121.0 

126.0 

126.0 

126.0 

126.0 

m.o 

12 

4 

11 

11 

11 

11 

1 

12  Nar 

046002 

4.4 

4.1 

11.0 

16.0 

21.7 

121.0 

126.0 

126.0 

27 

20 

21 

20 

10 

21 

4 

12  Nat 

01 1464 

10.6 

11  1 

14,6 

20.9 

12.4 

72.1 

72.1 

m.o 

21 

70 

71 

41 

40 

47 

7 

12  Nar 

0 14400 

16.6 

20.1 

22.9 

24.4 

110.0 

1  s.o 

126.0 

m.o 

27 

10 

40 

100 

71 

64 

H 

12  Nar 

011442 

0.1 

4.1 

1.9 

10.2 

11.1 

19.4 

M.9 

10.9 

11 

40 

100 

91 

101 

100 

4 

14  Nar 

012444 

0.1 

4  1 

11.) 

10.7 

11.4 

14.0 

77.1 

J26.0 

10 

10 

24 

41 

70 

71 

10 

U  Nar 

010444 

126.0 

126.0 

121.0 

124.0 

121.0 

126.0 

126.0 

126.0 

2 

0 

140 

141 

110 

ill 

11 

14  ilar 

444012 

126.0 

126  0 

121.0 

111  0 

326.0 

126.0 

126.0 

176. 

0 

0 

120 

110 

100 

110 

u 

14  Nar 

000019 

10.1 

10.1 

11.4 

11. 1 

20.0 

10.4 

11.1 

17.1 

90 

71 

40 

100 

100 

94 

1) 

14  Nar 

0 10004 

121.0 

121.0 

124.0 

126.0 

120.0 

114.0 

126.0 

J2I.0 

2 

0.1 

140 

140 

60 

Ill 

u 

14  Nar 

011007 

21.6 

21.6 

22.0 

24.0 

24.4 

11.6 

11.1 

11.2 

90 

70 

M 

20 

20 

10 

1) 

11  Nar 

04  7022 

126.0 

120.0 

126.0 

JII.O 

120.0 

326.0 

126.0 

m.o 

2 

1 

40 

40 

94 

72 

14 

11  Nar 

070021 

6.2 

7.1 

9.7 

12.0 

16.4 

24.1 

24.1 

26.6 

70 

SO 

140 

140 

140 

140 

17 

11  Nar 

066021 

126.0 

121.0 

126.0 

126.0 

120.0 

126.0 

126.0 

126.0 

6 

1 

40 

to 

110 

60 

11 

11  Mr 

069014 

1.1 

1.4 

9.1 

10.6 

11.1 

14.4 

19.4 

11.6 

60 

40 

no 

91 

100 

102 

19 

11  Har 

064011 

6.7 

4.7 

9 .  i 

17.) 

21.2 

24.0 

42.4 

40.0 

10 

26 

91 

100 

40 

91 

20 

11  Nar 

041006 

12.1 

12. 1 

11.1 

11.4 

24.2 

21.4 

26.1 

10.4 

61 

71 

10 

40 

11 

IS 

21 

11  Nar 

017004 

7.1 

6.6 

11.2 

2). 4 

11.7 

HO 

47.7 

*7.7 

60 

10 

11 

•0 

90 

46 

22 

11  Nar 

060012 

1.1 

1.1 

11.1 

70.0 

121.0 

121.0 

126.0 

m.o 

10 

2C 

40 

40 

*0 

40 

21 

11  Nar 

064011 

126.0 

120.0 

126.0 

126.0 

)20.0 

126.0 

126.0 

126.0 

10 

10 

40 

•0 

100 

60 

24 

11  Nar 

064001 

120.0 

126.0 

126.0 

126.0 

S20.0 

126.0 

126.0 

126.0 

1 

1 

100 

100 

100 

100 

21 

11  Mr 

064011 

12.1 

12.1 

12.1 

12.4 

14.4 

11.6 

20.1 

21.  1 

70 

60 

160 

110 

no 

IS) 

24 

14  Mr 

044014 

126.0 

126.0 

126.0 

126.0 

120.0 

126.0 

m.o 

126.0 

2 

1 

14 

140 

ISO 

121 

21 

It  Mr 

616471 

7.4 

7.4 

7.4 

10.0 

13.1 

16.7 

12.4 

72.1 

7S 

11 

40 

120 

100 

t) 

21 

11  Mr 

072011 

6.1 

6.1 

10.1 

12.6 

11. 1 

11.1 

10.0 

10.0 

10 

41 

70 

40 

60 

70 

29 

It  Mr 

074010 

1.4 

7.1 

11.2 

14.1 

22.1 
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40.4 

40.4 

10 

40 

10 

40 

44 

12 

10 

10  Mr 

074022 

126.0 

120. 0 

121.0 

176.0 

126.0 

126.0 

126.0 

126.0 

10 

7 

10 

20 

10 

11 

11 

11  Mr 

044401 

7.1 

•  • 

12.) 

14.6 

14.6 

11.6 

14.6 

14.1 

100 

40 

60 

70 

•0 

•0 

12 

16  Mr 

041402 

12.1 

11.7 

14.7 

14.4 

27.1 

41.0 

40.0 

126.0 

10 

16 

10 

40 

10 

11 

11 

16  Mr 

040464 

11.0 

11.1 

14.4 

21.0 

44.0 

11.0 

m.o 

m.o 

20 

10 

40 

11 

41 

40 

14 

19  Mr 

041011 

6.4 

9.1 

11. 1 

11.0 

17.4 

19.1 

22.7 

24.5 

40 

70 

71 

40 

140 

92 

11 

19  Mr 

061444 

12.1 

12.1 

14  J 

II. 1 

17.7 

19.4 

21.1 

22.1 

100 

61 

M> 

11 

71 

47 

v» 

19  Mr 

062446 

4.1 

4.1 

•  2 

11.0 

41.0 

121.0 

m.o 

m.o 

40 

21 

21 

W 

20 

21 

17 

19  Mr 

064446 

6.4 

0.4 

4.6 

11.2 

17.0 

21.1 

26.4 

ii.i 

40 

70 

10 

71 

too 

71 

M 

14  Mr 

066001 

126.0 

126.0 

121.0 

126.0 

126.0 

121.0 

m.o 

326.0 

21 

4 

10 

11 

10 

11 

14 

14  Mr 

061001 

1.0 

1.7 

11.4 

21.2 

176.0 

326.0 

126.0 

121.0 

10 

1* 

V) 

40 

40 

10 

40 

19  Mr 

01400! 

126.0 

126.0 

124.0 

174.0 

170.0 

126.(1 

176.0 

176.0 

1 

1 

60 

41 

1*0 

66 

41 

19  Mr 

007020 

B.7 

12.7 

14.4 

11.6 

16.1 

19.1 

20.6 

21.9 

90 

70 

110 

140 

140 

110 

42 

19  Mr 

006017 

126.0 

126.0 

126.0 

126.0 

121.0 

126.0 

m.o 

176.0 

1 

1 

so 

160 

140 

1)1 

41 

21  Mr 

061947 

i.: 

4  2 

9  1 

14.1 

120.0 

121.0 

121.0 

176.0 

41 

10 

40 

41 

11 

*0 

*4 

2)  Mr 

079999 

6.0 

4.1 

11.4 

11.0 

20.4 

26.1 

11.1 

11  1 

90 

40 

71 

61 

;o 

77 

45 

21  Mr 

077004 

4.0 

10.1 

11.4 

16.6 

z7 . 1 

21.0 

M.O 

21.0 

60 

61 

110 

160 

145 

112 

44 

21  Mr 

044012 

10.1 

11.4 

14.4 

14.4 

21.2 

10.0 

14.0 

14.  7 

90 

71 

121 

90 

170 

114 

47 

21  Mr 

041007 

11.0 

11.6 

11.4 

14.4 

70.4 

11.6 

40  2 

*1.0 

70 

40 

110 

140 

111 

111 
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Table  Aft 


Sumry  of  Tirritn  Data  for  Unaiir  T  min  Sltea 
ft,  Km^XtrUmVv 


_ 

Sheariraph* 

.  . 

Prof  11* 

IrU 

l>«- It. » 

kitftit 

Rcl 

ft/S 

JM 

}]$_  __ 

Van* 

AlimutH 

AA 

HH 

AA 

jmT~ 

f»*l  2 

C| 

J _ 

3L 

J —  *• 

J .  _ 

JiL- 

J^jL 

l_t 

tit-* 

nci 

79 

0.5 

ll. 

0.7 

9.0  1.7 

ft.O 

*i 

jur.o 

o.l 

2  Oh  .  H 

44 

2.0 

17 

1.1 

17.5  1.4 

25.0 

0 

194. 

o.ft 

20«1.4 

45 

0.  « 

2  i 

0.4 

22.  H  2.  ft 

11.9 

iftl 

20  1.0 

1.0 

211.0 

49 

t.A 

1  J  0 

r*.  1 

12.4  4.7 

U.O 

124 

225.0 

l.o 

:o9.f 

4? 

’*0 

215.0 

1  .0 

220.0 

V 

l>0 

195.  1 

2? . :  ’ 

19  1.0 

4ft 

2ft4 

19ft.  . 

o.5 

1*5.11 

55 

2  70 

215.0 

0.1 

2)1.0 

ft  1 

50 

.fin  .ft 

0,5 

20ii,' 

50 

M0 

212.0 

0.  5 

217.0 

11 

210 

.0 

0.0 

202.0 

4  J 

>0 

21  ft.  0 

1 

21  i.o 

rii 

95 

- 

255 

249.0 

0.2 

7h  >.0 

140 

- 

215 

115.0 

0.1 

204.0 

ft3 

- 

271 

2  1A.0 

1.9 

209.0 

ftO 

- 

1 M  7 

199,0 

4.5 

IHft.O 

29 

44 

1.5 

'  .0 

1.2 

10.0  l.S 

ft.O 

ftl 

19  S  .0 

0.2 

250.il 

n 

15 

224 

1  9H  .  0 

1 .  1 

2 1 

n 

5' 

2  15.0 

1.0 

1X9.0 

72 

220 

21ft. 0 

0.  1 

195.0 

21 

0.- 

5.0 

- 

1.2 

lft.0 

Iftl 

J9H.9 

(>.«• 

IhH.O 

19 

210 

.  10.0 

O.ft 

225.0 

25 

I0« 

192.0 

1.0 

7  2ft. 

4R 

O.ft 

25.0 

1.4 

2.5  7.0 

2H.Q 

110 

2  )* .  0 

0.0 

2  )H.  1 

92 

1.5 

10.0 

1.5 

11.0  i.i 

15.5 

110 

194.0 

0.5 

19  7.0 

4H 

4-> 

2  17.4 

10.0 

2'ift.o 

u 

41 

1 9ft .  0 

1.0 

214.0 

29 

no 

291.0 

4.4 

207.0 

ft! 

110 

19  .0 

(*.  ,» 

225.0 

It 

140 

.11.  > 

0.0 

211.0 

104 

19» 

245 

214.4 

1.1 

211.5 

too 

170 

I  AO 

221.0 

0,0 

20M.  *1 

100 

170 

19' 

210, ' 

0.1 

2*11.0 

in 

177 

170 

2  14 . 5 

1.0 

224.0 

l.tiW 

Water 

Water 

HH 

RW  or 

I>»pt  > 

Velocity 

ft 

TW  ft 

f.t 

f t /»*c 

Remark m 

4.10 

ft.  00 

o.lo 

0.1 

Kl  f rum  Areal  Site  3. 

1.40 

0.25 

2.00 

2.0 

ft  ,Oo 

2.oo 

0.00 

0.0 

Sul  1m  data  from  Areal  Site  20. 

<».4n 

(.(Ml 

0.1? 

o.2 

1,00 

<..00 

0.00 

0.0 

Soil  data  1 rom  Areal  Site  45. 

4X.00 

10.00 

•  0.00 

ft.O 

Soil  data  from  Areal  Site  27. 

)9 . 51 1 

22.00 

JS.,M> 

ft.O 

Soli  data  from  Areal  Site  27. 

H.,’0 

2.<X> 

0.40 

0.1 

Cl  fr<*»  Are.il  Site  )4.  R1  from  Areal  Sit*  IS, 

9,00 

4.00 

0.20 

0.1 

R!  from  Areal  Site  41. 

A, (HI 

2.00 

: .  5o 

0.1 

S«1N  data  from  Areal  Sit*  27. 

1.20 

1.70 

11.10 

0.1 

RI  from  Areal  Site  41 . 

2.  (XI 

2.50 

0.  X* 

0.1 

K 1  from  Areal  Site  41 . 

1.24 

1  .90 

0.00 

0.0 

RI  fr.**  Ar#-»1  Stte  ft. 

1.04 

12.00 

0.00 

0.0 

1.90 

ft.  oo 

0,(K) 

0.0 

Rl  from  Sr*al  Site  ft. 

n.ftn 

S.«X) 

0.  10 

0.2 

ft I  from  * i «al  Site  ft. 

(..70 

ft.'.OO 

0.50 

0.5 

1,40 

1 2 .  OO 

".50 

1.5 

2 .  'Ml 

14.00 

1  .00 

I.o 

2.70 

21  *.00 

1  .00 

ft.O 

Rl  from  Linear  site  9. 

i.  20 

9.00 

P.ftO 

1.7 

1.90 

M.00 

0.  10 

O.ft 

4 ,  ftO 

45. <X1 

: .  so 

5.0 

4.  1* 

3**.0(j 

0 . 90 

1.  7 

RI  from  Linear  Site  10. 

2,90 

12.00 

1  .Oo 

1.U 

k!  from  Linear  Site  10. 

ft.  40 

17.00 

1.50 

•«.5 

Cl  from  Linear  sit*  12.  Rl 

from  Lineal  Site  10, 

1.00 

4.00 

0.50 

O.ft 

3.10 

19. (Ml 

0.40 

4.9 

RI  from  Areal  Site  22. 

2.00 

10. OO 

0.10 

4.  1 

RI  from  *r»  al  Site  ft. 

1.7o 

ft.no 

2.  IK) 

1.5 

R!  from  Areal  Site  22. 

4.70 

9  .(Kl 

0.00 

0.0 

So {Ik  data  from  A'eal  Site 

5. 

2.  W» 

14.00 

0.00 

0.0 

Sc t la  data  from  Aieal  Site 

26. 

2.70 

2.00 

0.(K 

0.0 

Sol U  data  from  Areal  Sit* 

2ft. 

2.00 

2.00 

0.00 

0.0 
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Photograph  Al.  Small  diameter  hardwood  trees 
in  FK1  Areal  Terrain  Unit  60 


Photograph  A 2.  Hardwood  trees  with  scattered 
logs  in  FKL  Areal  Terrain  Unit  122 
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APPENDIX  B:  COMPARISON  OP  SELECTED  FORT  ENOX 
AND  VEST  GERMAN  TERRAINS 


Introduction 


1.  Thin  appendix  presents  comparison!  of  the  terrains  In  the  three 
study  areas  (1X1,  FX2 ,  and  WGT)  on  the  basis  of  the  general  descriptions 
of  the  areas,  the  areal  occupancy  and  occurrence  of  terrain  units  and 
terrain  factors,  and  on  the  basis  of  perfonunce  of  two  vehicles  (one  each 
wheeled  and  tracked)  as  predlctsd  by  the  AMC-71  nobility  nodel. 

General  Descriptions 

2.  The  area  napped  as  WGT  Is  nearly  six  tines  as  large  as  the  con¬ 
tained  of  7K1  and  FE2.  WGT  and  7K2  are  located  on  plateaus;  FE1  Is 

located  In  a  floodplain.  The  elevation  Is  greater  In  WGT  than  in  FK1  or 
FK2.  Both  FK1  and  WGT  are  crossed  by  a  large  river  and  contain  sons  snail 
straana;  PK2  has  no  large  river  but  has  nunerous  snail  streaau.  Drainage 
Is  excellent  In  WGT  and  1X2  throughout  the  year,  while  during  such  of  the 
year  drainage  Is  poor  In  FC1. 

3.  Soils  in  FR1  are  largely  alluvial  silty  clays.  In  FK2  are  usu¬ 
ally  residual  silty  days,  and  in  WGT  are  nostly  residual  silts  and  clays 
although  a one  alluvial  soils  are  found  along  the  rivers  and  streans. 

4.  Climate  la  generally  similar  In  the  three  areas,  although  the 
naan  temperature  and  rainfall  Is  slightly  higher  in  FK1  and  FK2  than 

In  WGT. 

5.  The  most  important  difference  In  the  areas  Is  ths  land  use. 
Approximately  70  percent  of  the  land  In  WGT  is  used  for  agricultural  pur¬ 
poses,  with  grain  as  the  principal  crop.  FK1  and  FK2  are  portions  of  a 
military  reservation  primarily  used  Cor  training  purposes;  more  than 

80  percent  of  FK1  and  50  percent  of  TK2  are  covered  by  deciduous  or  ever¬ 
green  woodlands.  WGT  contains  many  towns  and  villages  and  a  dense  road 
network,  whereas  FR1  and  FK2  contain  no  town  or  villages  snd  only  s  few 
improved  roads. 
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6.  Fro*  this  general  ecaparlson  th«  terrain  la  WGT  as  s  whole  would 
appear  significantly  different  froa  that  la  MCI  aad  FK2.  However,  whan 
ona  considers  specific  areas  in  tens  of  land  fora,  soils,  cllaaie,  and 
land  use,  highly  analogous  areas  can  be  found. 

Terrain  Pnlte 


Areal  terrains 

7.  Because  of  the  differences  la  areal  extent  of  the  study  areas, 
the  terrain  units  and  occurrsncas  are  expressed  In  tens  of  nuibet  per 
square  alia  for  cooperative  purposes.  These  values  are  shown  In  the 
following  tabulation. 


Terrain  Units  Occurrences  (Patches) 


Study 

Area 

Total 

WtaAer 

Total 

Ihaber 

Area 

•SLJ* 

gg.JUB* 

»o. 

HLJtt 

m 

6.2 

192 

31 

323 

52 

FK2 

6.7 

193 

61 

226 

68 

WGT 

60.2 

1606 

23 

5117 

85 

pie  tabulation  a  hows  a  aaaller  nuaber  of  terrain  units  per  square  alls  in 
WGT,  which  aay  be  a  result  o.  the  lack  of  ground  truth  data.  It  also 
shows  a  larger  nunfeer  of  patches  or  occurrences  per  square  alle  In  WGT, 
which  reflects  the  differences  in  land  usa  of  the  areas. 

6.  A  couplets  list  of  the  area  occupied  by  each  terrain  unit,  the 
nta«ber  of  occurrences  of  each  terrain  unit,  the  asan  area  per  occurrence, 
the  percent  area,  aad  the  percent  occurrence  of  each  terrain  unit  is  given 
In  tables  B1-B3,  inclusive.  In  these  tables  the  terrain  units  are  arranged 
In  descending  order  according  to  slse  of  total  area  assigned. 

9.  The  percentage  distribution  of  the  areal  terrain  units  is  shown 
graphically  in  fig.  Bla.  It  aay  be  seen  in  this  figure  that  90  percent  of 
the  area  in  WGT  was  described  by  less  than  20  percent  of  the  terrain  units, 
while  In  VKl  90  percent  of  the  area  required  aore  than  52  percent  of  the 
terrain  units,  and  in  VK2  90  percent  of  the  area  required  aore  than  60  per¬ 
cent  of  the  terrain  units. 

10.  The  frequency  of  occurrence  is  shown  in  fig.  Bib,  where  it  nay 
be  seen  that  about  65  percent  of  the  occurrences  describe  90  percent  of 
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of  all  three  ereee. 


11.  Although  the  frequency  of  occurrence  of  terrain  units  In  rela¬ 
tion  to  percent  of  total  area  appears  elaller  for  all  three  study  areas, 
the  maber  of  occurrences  per  square  mile,  as  s’ltown  in  paragraph  7,  Is 
significantly  higher  for  WGT  than  for  FK1  or  FK2 .  Note,  hovever,  that 
there  are  1408  terrain  units  in  WGT  and  193  in  FK2.  This  would  suggest 
much  greater  variability  in  WGT.  However,  the  largest  200  terrain  units 
contain  alnost  90  percent  of  the  WGT  area.  Thus,  while  greater  varia¬ 
bility  exists,  it  affects  little  of  the  area  and  may  not  be  significant 
in  the  mobility  sense. 

12.  An  examination  of  the  descriptions  of  the  terrain  units  given 
in  tables  A10,  All,  and  A14  of  Appendix  A  reveals  that  while  many  terrain 
units  are,  Indeed,  quite  similar  and  can  be  expected  to  have  the  same,  or 
almost  the  same,  effect  on  vehicle  performance,  there  exists  some  differ¬ 
ence  between  each  terrain  unit  described  in  the  three  areas.  Thus,  no 
areal  terrain  unit  is  common  to  all  three  study  areas.  Terrain  units 
usually  reflect  the  land  use.  The  terrain  factors  used  to  describe  obsta¬ 
cles,  vegetation,  ride  dynamics,  visibility,  and  surface  roughness  are 
highly  dependent  upon  land  use.  The  surface  strength  factor  may  be  fre¬ 
quently  altered  by  land  use  or,  when  not  directly  affected  by  land  use, 
may  be  generally  related  to  a  specific  land  use.  The  two  remaining 
factors  (surface  type  and  slope),  which  describe  a  terrain  unit,  are  seldom 
dependent  upon  land  use. 

13.  Most  of  the  terrain  units  in  WGT  occur  in  forests  or  croplands. 
Although  no  terrain  unit  in  WGT  was  described  with  exactly  the  same  combi¬ 
nation  of  factor  values  as  a  specific  terrain  unit  in  FK1  or  FK2,  most  of 
tho  terrain  units  in  the  forested  areas  in  WGT  can  be  associated  with 
reasonably  slmlltx  terrain  units  In  the  forested  areas  of  FKl  and/or  FK2 
that  yield  a  range  of  predicted  speeds  for  the  M114A1E1  that  are  similar 
to  the  predicted  speeds  of  the  M114A1E1  in  selected  vegetated  terrain 
units  la  WGT. 
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Terrain 

M114A1E1 

Area 

Unit 

Speed,  aph 

Limiting  Factor 

WGT 

24 

14.9 

Vegetation  -  Soil  Slope 

FK1 

45 

15.1 

Vegetation  -  Soil  Slope 

FK2 

167 

14.9 

Vegetation  -  Soil  Slope 

WGT 

98 

11.7 

Vegetation  -  Soil  Slope 

nti 

102 

12.5 

Vegetation  •  Soil  Slope 

FK2 

87 

11.7 

Vegetation  -  Soil  Slope 

WGT 

148 

9.2 

Vegetation  -  Soil  Slope 

m 

138 

9.2 

Vegetation  -  Soil  Slope 

FK2 

148 

9.2 

Vegetation  -  F-ii  Slope 

WGT 

185 

5.1 

Vegetation  -  Soil  Slope 

FK1 

147 

7.3 

Vegetation  -  Soil  Slope 

FK2 

141 

5.3 

Vegetation  -  Soil  Slope 

It  should  bs  pointed  out  that  while  soil,  slope,  and  vegetation  contri¬ 
buted  to  Uniting  vehicle  speed  in  each  of  the  above  examples,  the  degree 
to  which  any  single  factor  affected  speed  In  a  terrain  unit  nay  have 
varied.  Vehicles  can  perform  similarly  in  two  vegetated  areas  with  the 
sane  stem  diameter-spacing  values  and  different  combinations  of  soil 
strength  and  slope.  The  vegetation  stem  slse-spaclng  can  also  vary 
slightly  with  offsetting  effects  of  soil  and  slope  and  yield  the  same 
vehicle  performance.  In  addition,  It  should  be  pointed  out  that  a  change 
in  soil  strength  class,  slope  class,  or  vegetation  class  may  have  no 
significant  affect  on  a  particular  vehicle's  performance.  Therefore, 
while  the  above  examples  do  not  offer  conclusive  proof  that  the  areas  are 
similar,  the  areas  are  considered  similar  from  the  mobility  point  of  view. 
Although  there  Is  a.  present  no  cultivation  In  FK1  and  VK2  that  would  yield 
terrain  units  similar  to  those  found  in  WGT,  there  are  some  areas  that 
could  easily  be  plowed  in  rows  and  would  then  be  similar. 

Linear  terrains 

14.  Because  of  the  differences  in  extent  of  linear  terrain  In  the 
study  areas,  the  linear  terrain  units  and  occurrencss  are  expressed  In 
tens  of  number  per  mile  for  comparative  purposes.  These  values  are  shown 
In  the  following  tabulation. 
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Terrain  Unit*  . 


Occurrences 


Study 

Length 

Total 

Ntaber 

Total 

Nuaber 

Area 

ml 

No. 

per  mi 

No. 

per  ml 

FK1 

29.9 

17 

0.6 

51 

1.7 

FK2 

25.7 

26 

1.0 

75 

2.9 

WGT 

421.6 

641 

1.5 

1477 

3.5 

The  greatest  nuaber  of  terrain  units  per  alls  end  occurrences  per  mile  for 
WGT  reflect  the  dense  road  network  in  WGT  and  the  scarcity  of  roads  In  FK1 
and  FK2.  It  Is  pointed  out  that  road  embankments  or  tor 4  cuts  are  de¬ 
scribed  as  linear  features  since  they  are  obstacles  to  vehicles  crossing 
thee.  Only  20  percent  of  the  total  length  of  the  linear  terrain  features 
in  WGT  represented  drainage  features,  while  61  percent  of  FK1  and  about 
70  percent  of  FK2  were  drainage  features. 

15.  A  complete  list  of  the  length  of  each  terrain  unit,  the  nuaber 
of  occurrences  of  each  terrain  unit,  the  mean  length  per  occurrence,  the 
percent  length  and  the  percent  occurrence  of  each  terrain  unit  Is  given 
in  tables  B4-B6. 

16.  The  linear  distribution  of  terrain  units  is  shown  graphically 
In  fig.  Blc.  In  this  figure  it  may  be  seen  that  60  percent  of  the  length 
of  linear  features  In  WGT  was  described  by  less  than  10  percent  of  the 
terrain  units,  while  In  FK1  and  FK2,  60  percent  of  the  length  of  linear 
terrain  features  required  about  26  percent  of  the  terrain  units  for 
description.  The  smaller  number  of  terrain  units  used  to  describe  60  per¬ 
cent  of  WGT  results  from  the  fact  that  such  a  large  percentage  of  the 
linear  features  In  WGT  are  associated  with  a  well-developed  road  network. 
Roads  are  Inherently  aore  uniform  than  drainage  features. 

17.  The  frequency  of  occurrences  is  shown  in  fig.  Bid  where  it  nay 
be  seen  that  there  Is  a  wide  difference  in  the  percent  of  occurrences  re¬ 
quired  to  describe  almost  any  given  percent  of  the  total  length. 

18.  Examination  of  the  linear  terrain  unit  i  ..jcriptions  given  in 
tables  A12,  A13,  and  A15  of  Appendix  A  reveals  that  while  a  degree  of 
similarity  exists  between  some  of  the  linear  terrain  units  in  the  three 
areas,  there  Is  no  linear  terrain  unit  that  is  common  to  all  three  areas. 

J9.  In  general,  the  exsminatlon  of  the  three  study  areas  on  the 
basis  of  linear  occupancy  and  frequency  of  occurrence  of  terrain  units 
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Indicates  significant  differences  between  Port  Knox  and  West  German 
terrains. 


Terrain  Factors 


20.  In  describing  terrain  unite ,  a  particular  group  of  terrain 
factors  is  used  to  describe  areal  terrains  and  a  somewhat  different  group 
is  used  to  describe  linear  terrains  (see  tables  A8  and  A9) . 

Areal  terrains 

21.  Some  factors  such  as  soll(  slope ,  surface  roughness,  and  visi¬ 
bility  have  a  more  or  leaa  independent  effect  on  vehicle  performance. 

Other  factors  such  as  those  used  to  describe  obstacles  and  vegetation 
muat  be  coupled  together  to  have  an  affact  on  vehicle  performances.  For 
example,  the  approach  angle  of  two  obstacles  nay  be  the  same  and  yet  the 
obstacles  may  have  a  widely  different  effect  on  vehicle  performance  due 

to  the  differences  in  other  dimensions,  spacing,  etc.  Fig.  B2  illustrates 
geometric  differences  which  occur  when  only  the  angle  of  approach  and 
obstacle  height  vary.  However,  for  the  purposes  of  this  study,  comparisons 
were  made  of  each  terrain  factor,  where  possible. 

22.  The  data  shown  in  tables  B7,  B8,  and  B9  were  examined  from  the 
standpoint  of  both  frequency  of  occurrence  and  areal  occupancy.  Results 
of  this  examination  revealed  that  little  difference  existed  between  per¬ 
cent  total  area  and  percent  occurrence  of  a  given  factor  class.  This  is 
illustrated  for  the  relatively  Independent  terrain  factors  (soil  strength, 
slope,  surface  roughness,  and  visibility)  in  fig.  B3.  Therefore,  the 
terrain  factors  are  discussed  on  the  basis  of  areal  occupancy  of  each 
factor  class,  and  frequency  of  occurrence  is  eliminated  from  further  dis¬ 
cussion.  However,  due  consideration  was  given  to  whether  an  individual 
factor  class  occurring  in  WGT  also  occurred  in  FK1  or  FK2,  and  to  the 
range  of  factor  classes  in  each  of  tha  three  areas.  For  convenience,  the 
more  closely  related  terrain  factors  are  grouped  together  for  discussion. 

23.  Soils .  Soils  are  described  by  the  WES  descriptive  system  with 
two  terrain  factors — soil  type  and  soil  strength.  Soil  type  is  described 
by  three  classes: 
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Fig.  B3.  Frequency  of  occurrence  versus  areal 
occupancy  of  factor  classes  of  the  independent 
terrain  factors 


a.  Class  1  -  fine-grained  soils. 

b.  Class  2  -  coarse-grained  soils. 

c.  Class  3  -  organic  aoila. 

In  all  three  areas,  the  soil  type  was  date  rained  to  be  clasa  1  for  all 
areal  terrain  units.  Soil  strength  in  araal  terrains  was  described  by 
11  clasaes  of  rating  coue  index  (RCI)  ranging  from  0  to  280.  The  M114A1E1 
requires  a  elnieue  soil  strength  of  12  RCI  in  order  to  just  operate;  the 
Ml 5 1A 2  requires  a  soil  strength  of  19  RCI.  Higher  soil  strengths  are 
necessary  to  perait  the  vehicles  to  clieb  slopes,  override  trees  and 
obstacles,  and  to  gain  speed. 

24.  Soil  strength.  Soil  strength  is  noraally  determined  for  dry, 
average,  and  vet  conditions,  because  differences  in  soil  moisture  influ¬ 
ence  soil  strength.  However,  for  this  study,  comparisons  were  made  only 
for  the  wet  season  condition,  which  is  generally  the  most  unfavorable 
from  the  standpoint  of  vehicle  performance. 

25.  Fig.  B4  shows  the  areal  distribution  of  the  soil  strength 
factor  classes  during  the  vet  season  for  the  three  areas  considered.  In 
general,  the  soil  strength  in  WGT  was  predominantly  class  4  (101  to 

160  RCI)  and  class  6  (41  to  60  RCI).  The  distribution  of  soil  strength 
in  FK1  was  skewed  bell-shaped  with  the  greatest  occurrence  being  in 
class  6.  In  FK2,  soil  strength  ranged  from  class  2  to  class  8  (l.e.  from 
208  to  26  RCI)  with  an  erratic  distribution.  Generally,  the  soils  were 
strongest  in  WGT  and  weakest  in  FK1.  This  figure  also  shows  that  75  per¬ 
cent  of  the  soil  strengths  found  in  WGT  also  occur  in  FK1  and  that  all 
(100  percent)  of  the  soil  strengths  in  WGT  occur  in  FK2. 

26.  Slope.  Slope  was  described  by  a  single  terrain  factor — 
topographic  slope  in  percent.  It  is  expressed  by  eight  classes  ranging 
from  0  to  70  percent.  Most  off-road  vehicles  can  successfully  negotiate 
a  60  percent  alope  on  firm  soil,  have  difficulty  on  slopes  between  60  and 
70  percent,  and  cannot  operate  on  slopes  of  70  percent  or  greater.  The 
areal  distribution  of  the  slope  classes  in  the  three  areas  is  shown  in 
fig.  B5.  The  largest  percentage  of  shallow  slopes  is  found  in  FK1  and  the 
steepest  slopes  are  found  in  WGT.  The  areal  distribution  of  slopes  in  WGT 
is  nearly  bell  shaped  and  in  FK1  and  FK2  is  somewhat  skewed,  with  FK1 
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skewed  to  the  left  end  7K2  ekcwed  to  the  right.  Rote  thet  while  only 
86  percent  of  the  slope  classes  occurring  in  WGT  nay  be  found  in  the  c on- 

bine  d  terrains  FK1  and  FK2„  the  single  slope  class  that  does  not  occur  in 

either  FK1  or  FK2  represents  only  0.2  percent  of  the  ares  in  WGT. 

27.  Surface  routhneea.  Surface  roughness  was  described  by  a  single 
terrain  factor  in  terns  of  root  nean  square  (ns)  elevation  in  Inches. 

RMS  la  expressed  in  nine  classes  ranging  fron  0  to  7.6  ras.  This  factor 
does  not  cause  immobilizations,  but  serves  only  to  Unit  vehicle  speed. 

A  value  of  0.2  rms  (midpoint  of  class  1)  has  little  effect  on  speed  of 

the  M114A1E1  and  the  M151A2.  A  value  of  4.0  ras  (nldpolnt  of  class  5) 

will  severely  limit  speed  of  both  vehicles.  The  areal  distribution  of 
the  surface  roughness  factor  classes  is  shown  in  fig.  B6.  Areas  FK1  and 
FK2  show  somewhat  normal  distributions  whereas  77  percent  of  the  surface 
roughness  Index  in  WGT  occurs  in  class  2  (0.5  to  1.5  ras).  Thle  figure 
also  shows  that  all  of  the  surface  roughness  factor  classes  found  In  WGT 
occur  In  FK1  and  FK2. 

28.  Visibility.  Visibility  is  described  by  a  single  terrain 
factor — recognition  distance  in  feet.  It  is  expressed  in  nine  classes 
ranging  from  0  to  >164  ft.  The  AMC-71  mobility  model  relates  the  recog 
nitlon  distance  to  the  distance  required  to  stop  a  vehicle.  Therefore, 
this  factor  does  not  cause  iaanbUAzations,  but  serves  only  to  limit  speed. 
Visibility  of  more  than  79  ft  (bottom  of  class  2)  has  no  effect  on  speed 
of  the  M114A1E1;  visibility  of  more  than  164  ft  (class  1)  has  no  effect  on 
speed  of  the  M151A2.  The  areal  distribution  of  the  visibility  factor 
classes  is  shown  in  fig.  B7.  This  figure  shows  that  the  largest  percentage 
of  area  occupancy  for  all  three  areas  occurred  in  class  2,  indicating  that, 
in  general,  visibility  was  good  in  all  three  areas.  The  small  percentages 
in  the  higher  classes  reflect  the  unmanaged  forests  at  FK1  and  FK2.  Note 
that  all  of  the  visibility  factor  classes  occurring  in  WGT  also  occur  in 
FK1  or  PX2. 

29.  Obstacles.  Obstacles  are  generally  related  to  the  cultural 
practices,  and  the  dispositional  and  eroslonal  processes  within  an  area. 

For  instance,  in  WGT  rows  are  associated  with  cropland;  in  FK1  small  logs 
are  found  in  the  unmanaged  woodlands;  in  FK2  the  ditches  result  from 
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previous  military  activities  and  uncontrolled  erosion.  Six  terrain 
factors  are  used  to  describe  obstacles  (see  table  A8).  The  areal  dis¬ 
tribution  of  these  factors  is  shown  in  figs.  B8-B12  with  the  caveat  of 
paragraph  21  repeated. 

a.  Assroach  aaale.  Fourteen  claaaes  are  used  to  describe 
approach  angle  with  the  odd -numbered  classes  describing 
convex  obstacles  end  the  even-nuabered  classes  dascrlbing 
concave  obstacles.  The  areal  distribution  of  obstacle 
approach  angles  (fig.  B8)  shows  that  40  percent  of  FK1, 

17  percent  of  F12,  and  41  percent  of  WGT  have  approach 
angles  In  classes  1-8  (150  to  202  deg),  inclusive. 

Approach  angles  this  snail  are  considered  to  have  little 
effect  on  nobility  of  current  nllltary  vehicles.  The 
approach  angles  in  class  9  in  WGT  reflect  the  prevalence 

of  row  crops  (detsrnlned  by  canparing  other  terrain  factors 
such  as  obstacle  spacing,  obstacle  width,  and  obstacle 
length),  which  do  not  occur  in  FK1  or  PK2.  Although  this 
class  of  obstacle  approach  angles  represents  a  larga  part 
of  terrain  in  WGT,  its  absence  in  VKl  or  FK2  is  not  as 
critical  as  the  figures,  night  appear  to  indicate  for 
several  reasons.  First,  rows,  per  se,  will  nornally  home 
little  effect  on  the  speed  of  a  t  ked  vehicle,  and  snail 
effect  on  the  speed  of  wheeled  vehicles  with  well-designed 
suspension  systens.  SEcond,  rows  are  a  nan-wade  feature 
and  can  be  duplicated  In  selected  parts  of  FK1  with  very 
little  effort.  There  are  no  obvious  patterns  to  the 
distribution  of  approech  angles. 

b.  Vertical  nsanitude.  The  areal  distribution  of  the  vertical 
magnitude  (fig.  19)  occurs  largely  in  the  first  three 
classes  (<14  in.).  In  all  areas  obstacles  of  this  nagnitude 
can  usually  be  negotiated  by  nost  off-road  vehicles,  but 
nay  cause  sane  reduction  in  speed.  Distinguishable  patterns 
are  not  apparent  for  the  areal  occupancy  of  vertical 
nagnitudes.  The  figure  ehovs  that  all  of  the  obstacle 
vertical  nagnitudes  found  in  WGT  occur  in  both  FK1  and  FK2. 

£.  Base  width.  The  areal  distribution  of  base  width  is  shown 
graphically  in  fig.  BIO.  There  appears  to  be  no  pattern 
to  the  areal  distribution  of  base  width.  The  obstacles  in 
over  half  of  the  area  of  WGT  have  base  width  in  class  4 
(12  to  25  in.),  with  significant  occurrences  in  claaaes  1 
(>47  in.)  and  5  (0  to  12  in.).  In  FK1  and  FK2  classes  1 
and  5  predoninate.  Rote  that  all  of  the  base  widths  that 
occur  in  WGT  also  occur  in  FK1  snd  FK2. 

d.«  Length.  The  distribution  of  obstacle  length  in  terns  of 
areal  occupancy  is  shown  in  fig.  Bll,  which  shows  no 
obvious  distribution  pattern.  In  WGT,  42  percent  of  the 
area  occurs  in  class  6  (20  to  49  ft)  with  sonewhat  lesser 
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distribution  ii  cIimu  5  (10  to  20  ft)  ui  7  (>492  ft). 

VKl  hM  litlUt  MiNto  of  obstacle  lengths  in  cl——  1 
(<1  ft),  9,  Mi  ft  where—  Is  VK2,  70  |MircMt  of  ths 
lesgtha  *r«  forai  Is  clMo  f .  All  obstacle  length  factor 
cl—  occurring  is  HOT  can  be  found  is  the  combined 
to rr also  of  VKl  and  R2. 

Fig.  112  eh—a  tha  distribution  of  obotacla 
•facial.  *°  dlatrlbutlon  pattern  it  apparent  for  NOT  and 
FKlj  VK2  rasas flat  a  akasad  bell-shaped  patters,  with 
71  percent  is  cl— a—  2  (66  to  197  ft)  aai  3  (36  to  «f  ft). 
Is  HOT,  94  pare—  t  is  Is  clean—  1  PJ97  ft)  and  8  (0  to 

8.2  ft).  In  VKl,  sore  than  80  pare— t  of  the  ar—  la  is 

cl— a  1  4  2.  Eighty  pare— t  of  tha  obatsc la  spacing 

cl— a  occurring  In  NCI  are  also  found  In  VKl  aai  VK2. 

The  range  of  obstacle  spacing  is  MGT  la  fros  0  to  >197  ftt 
tha  cask In ad  range  of  obstacle  spacing  in  VKl  — d  VK2  la 

8.3  to  >197  ft.  Obotacla  ap— lag  cl— a  8  (0  to  8.2  ft), 
which  do—  not  occur  in  either  VKl  or  VK2,  results  tr¬ 
ibe  cultivated  croplands  In  MGT.  Although  this  obstacle 
sp— lag  cl— a  4— a  occur  in  a  significant  pare— tags  of 
the  total  arer  in  MGT,  lta  absence  ia  VKl  and  VK2  la  net 
critical  as  tha—  conditio—  can  a— ily  ba  duplicated  — 
stated  in  paragraph  113. 

Obstacle  type.  Tha  ar— 1  distribution  of  random 

—4  linear  obstacles  is  given  in  table  >8.  O— -hundred 
pare— t  of  VKl,  93  pare— t  of  VK2,  and  75  pare— t  of  MGT 
—re  sapped  aa  rand—  obstacles.  Study  of  tha  air  phot— 
of  MGT  indicate  that  a  such  larger  pare— tags  of  MGT  should 
have  ba—  sapped  as  containing  Umar  obstacles  since  it  la 
fait  that  tha  obstacles  in  moat  cropland  are  linear. 

nrmry,  MGT  co— lets  largely  of  cropl— d  and  forests, 
lagaa— t  practices  aaployed  in  these  areas  result  in  a  da¬ 
te  cur  rase—  of  nobility  significant  obstacles.  Tha  obstac las 
f  osmnnlj  found  in  MGT  are  rows  produced  in  preparing  cropland,  stuaps  and 
logs  is  for— t  lands,  and  rode  outcrops  —  sloping,  shall—  soil  are—. 
1st— slva  ar— ion  control  minimises  land  dissection  by  erosion.  Are— 

VKl  and  VK2  are  portions  of  a  military  reservation  where  the  1— d  la  u— d 
ess— tially  for  training  military  units.  No  effort  ia  devoted  to  masage- 
—st  practices  of  the—  lands  —  yet,  but  conservation  program  are  being 
fotaulated.  Logs,  deadfall,  and  ditch—  are  the  predominant  obstacles. 

Tha  Mjor  differ— cat  betwe—  tha  obstac  lea  la  tha  study  ar—  ia,  of 
cour— ,  tha  pree— cs  of  rows  Is  MGT  and  tha  1— k  thereof  Is  VKl  and  VK2. 
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This  4o»  Mt  constitute  •  (entdibla  dlffittM,  hwwitf  ilMt  the  tan 
la  VCt  nay  b«  laplleitd  la  fll  with  lltfcla  effort. 

31.  fane tat loa.  Vegetation  assent leges  era  luitUil  ky  eight 
clearer  of  spacing  ami  eight  area  disaster  claeean.  Mkida  ropy  area  la 
layer  goat  upon  characterlatlca  of  the  area  iiee/epeelng  distribution  rhlch 
there  detail,  fig.  B13  above  the  spacing  diet rlhrt lea  of  all  tear,  for 
WGT,  aoaooodjr  vegetation  (l.e.  grass,  crops,  etc.)  ora  arbitrarily  in¬ 
cluded  ;  thus,  ohm  all  ateaa  are  considered,  vlr trolly  100  pereart  of  the 
area  In  VET  le  In  claoa  8.  for  fKl  and  fK2  aoaaoody  vogetatloa  ora  aot 
aapped;  thua,  r  better  coaparlaon  la  etaoon  la  fig.  Bid,  oblch  eliatlaatea 
consideration  of  aoaaoody  vegetation  la  all  areaa.  Although  the  flgore 
Indicates  doaoor  vegetation  la  VK2  than  la  fKl  or  MOT,  little  can  he  in¬ 
ferred  froa  ataa  spacing  without  a  coaelderatlon  of  ataa  slae }  accordingly 
to  coaparo  the  vegetation  la  the  throe  areaa,  vogetatloa  ora  described  ee 
follows: 

a.  Open  load.  Arose  vlth  no  vegetation  or  with  ataa  opening 
greater  than  85  ft.  (Bo  effeet  an  nobility.) 

b.  y^tjMh.  Areas  vlth  ateaa  less  than  3.9  la.  la  disa¬ 
ster  regardless  of  epadng,  and  areas  with  stone  greater 
than  3.9  la.  la  disaster  which  have  eparftge  between 

18.3  and  85  ft.  (Sene  effect  on  nobility.) 

c.  Meow  weeds.  Areas  with  staae  greater  than  3.9  in.  la 
dlaaatar  and  spec  lags  less  than  18.3  ft.  (Great  effect,  oa 
nobility.) 

32.  The  areal  distribution  of  theee  groups  is  shewn  la  fig.  B15. 
Again,  it  le  apparent  that  HOT  has  considerably  nets  open  land  than  fKl 
sad  souawhat  acre  open  lend  than  fK2.  fKl  contains  the  highest  percent¬ 
age  of  light  and  heavy  woods.  The  percent  of  area  containing  light  ami 
heavy  woods  is  lees  for  VGT  than  for  either  fKl  or  fK2.  Vevertheless,  It 
Is  Obvious  that  all  three  areas  contain  significant  aaoeats  of  each  of 
the  three  vegetation  groups. 

33.  The  distributions  of  the  spacing  of  the  light  woods  and  heavy 
woods  are  shewn  In  figs.  *18  and  117,  goto  that  die  spacing  of  the  light 
woods  in  MBT  la  predealaaatly  in  class  3  (38  to  88  ft),  sad  in  fKl  and  VK2 
is  predominantly  in  class  7  (8.3  to  13.3  ft).  This  reflects  the  orchards 
in  HOT  and  the  young,  denser  tree  growth  in  fKl  and  fK2.  five  of  the  els 


■pacing  classes  of  light  voods  which  occur  in  WGT  can  ba  found  in  1X1  and 
FK?;  the  one  spacing  class  of  light  woods  in  WGT  which  does  not  occur  in 
either  FK1  or  FK2  represents  relatively  widely  spaced  (36  to  66  ft)  stems 
which  would  have  little  nobility  significance.  The  spacing  of  the  heavy 
woods  in  WGT  is  in  class  7,  and  in  FK1  and  FK2  is  largely  in  class  6 
(13.4  to  18.2  ft);  however,  all  of  the  spacing  classes  of  heavy  woods  that 
occur  in  WGT  can  be  found  in  both  FK1  and  FK2.  This  la  a  result  of  the 
tree  nanageaent  programs  and  harvesting  practices  in  the  respective  arena. 
On  the  basis  of  stem  spacing,  the  areal  extent  of  wooded  areas  in  WGT  is 
different  from  that  in  FK1  and  FK2;  nevertheless,  all  significant  stem 
■pacings  occurring  in  WGT  can  be  found  in  FK1  or  FK2. 

Linear  terrains 

34.  The  linear  terrain  unit  data  shown  in  table  BIO  were  examined 
from  the  standpoint  of  both  linear  occupancy  and  frequency  of  occurrence. 
Results  of  this  examination  generally  indicated  little  difference  between 
linear  occupancy  ani  frequency  of  occurrence.  Therefore,  the  d  attributions 
of  the  terrain  factor  classes  were  compared  on  the  basis  of  linear  occu¬ 
pancy  only. 

35.  Host  of  the  linear  terrain  features  in  FX1  and  7X2  were  de¬ 
scribed  as  surface  type  class  1  (fine-grained  material,).  All  of  the  linear 
terrain  features  in  WGT  were  described  as  surface  type  class  2  (coarse¬ 
grained  material). 

36.  The  distribution  of  the  other  eight  terrain  factors  is  dis¬ 
cussed  in  the  following  paragraphs. 

a.  Soil  strength.  Fig.  B18  shows  that  all  of  the  linear 
terrain  features  in  WGT  wers  napped  with  a  soil  surface 
strength  class  1  (>280  Cl).  More  than  60  percent  of  the 
linear  terrain  features  in  FK1  and  7X2  wars  mapped  in  soil 
strength  classes  4-10  (11  to  160  RCI),  indicating  that 
more  soil  problems  would  be  encountered  in  the  Fort  Knox 
study  areas.  There  is  no  apparent  distribution  pattern 

to  the  data  as  shown  in  fig.  B18.  A  significant  portion 
of  the  linear  features  in  7X1  and  FK2  have  soil  strengths 
similar  to  thos«  of  linear  features  in  WGT. 

b.  Left  and  right  approach  antlas.  In  figs.  B19  and  B20,  the 
odd-numbered  classes  (except  21)  indicate  conve  features 
such  as  road  embankments,  levees,  dikes,  etc.;  the  even- 
numbered  classes  indicate  concave  features  such  as  streams 
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ditches,  road  cuts,  ate.  In  WGT,  odd-numbered  llnaar 
terrain  factor  dasaas  pradoalnata,  because  of  the  highly 
developed  road  net  that  representa  sore  than  75  percent 
of  the  total  length  of  the  linear  terrain  features.  The 
lack  of  positive  features  in  FKl  end  FK2  is  apparent, 
indicating  the  lack  of  improved  roads  in  these  areas.  The 
even  class  numbers  in  FKl  and  FK2  reflect  the  concave 
linear  features  which  are  drainage  features;  no  road  cuts 
occurred  in  FKl  or  FK2.  The  steeper  approach  angles  in 
the  concave  features  in  WGT  represent  both  road  cuts  and 
drainage  features.  The  Meeker  River  in  WGT  createa  a  more 
severe  mobility  problem  then  the  Salt  River  in  FKl  because 
of  the  steeper  approach  angles.  Although  the  areal  dis- 
trlbutlon  of  the  approach  angles  indicate  considerable 
differences,  it  should  be  noted  that  the  steeper  angles 
(90  to  110  deg  and  250  to  270  deg)  that  occur  in  WGT  but 
not  in  FKl  or  FK2  represent  less  than  10  percent  of  WGT, 
and  that  lower  approach  angles  (160  to  180  deg)  that  occur 
in  WGT  but  not  in  FKl  or  FK2  represent  roads.  It  would 
seam  likely  that  if  the  perimeter  road  around  FK2  were 
included  in  the  linear  terrain  features,  some  of  these 
approach  angles  would  occur.  Seven  of  the  remaining 
eight  classes  of  approach  anglaa  which  occur  in  WGT  alao 
occur  in  the  Fort  Knox  terrains,  the  only  one  not  occurring 
being  class  13,  l.e.  a  positive  feature  which  might  well 
occur  if  the  aforementioned  perimeter  road  were  included. 

£.  Differential  bank  height  or  vertical  naanltuds.  In 
fig.  121  class  1  (banka  of  equal  height)  indicates  that 
left  and  right  bank  heights  are  equal.  Classes  2-5  (0  to 
>13.1  ft)  indicate  a  higher  left  bank,  and  classes  6-9 
(0  to  >13.1  ft)  indicate  a  higher  right  bank  (see  table  A9). 
Although  the  data  on  this  figure  indicate  that  the  left 
bank  is  frequently  higher  than  the  right  bank  in  FKl  and 
FK2,  it  is  believed  that  this  la  a  result  of  the  slse  of 
the  sample  area.  Although  classes  5  and  8  do  not  occur  in 
FKl  or  FK2,  these  bank  heights  do  occur  on  the  opposite 
bank,  hence  all  bank  heights  in  WGT  occur  in  FKl  or  FK2. 

d.  Low  bank  hsiaht  or  least  vertical  naanltuds.  Fig.  B22  shows 
that  the  low  bank  height  or  least  vertical  magnitude  of  the 
majority  of  the  linear  terrain  features  was  generally  small 
since  62  percent  of  the  total  length  of  the  linear  features 
in  FKl,  83  percent  in  FK2,  and  81  percent  in  WGT  were  less 
than  clesa  3  (approximately  3.3  ft).  In  all  areas,  percent¬ 
age  of  occurrence  decreased  as  claas  number  increased, 
except  class  8  in  FKl,  which  represents  the  Salt  River.  The 
three  classes  which  occur  in  WGT  and  do  not  occur  in  FKl  or 
FK2  represent  only  2.2  percent  of  the  total  length  of  linear 
features  in  WGT. 
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t,  Base  width  or  tea  width.  Fig.  B23  shows  that  the  width  of 
most  of  the  linear  terrain  features  was  generally  snail. 

For  instance*  the  width  of  100  percent  of  the  total  length 
of  the  linear  terrain  features  in  1X1,  96  percent  in  FX2, 
and  67  percent  in  WGT  was  less  than  class  7  (approximately 
40  ft).  Cennrally,  as  the  base  width  or  top  width  of  a 
feature  increased,  its  occurrence  decreases,  as  one  would 
expect.  The  three  classes  of  base  width  which  occur  in 
WGT  and  do  not  occur  in  FK1  or  FK2  repreaent  cnly  2.5  per- 
cent  of  the  total  length  of  linear  features  in  WGT. 

f_.  Water  depth  and  water  velocity.  Figs.  B24  and  B25  show 
the  distribution  of  watsr  depth  and  water  velocity  for  wet 
concave  features  (drainage  features  which  nay  or  nay  not 
contain  water)  only.  Note  that  the  predominant  water  depth 
in  the  wet  concave  features  of  all  three  areas  falls  in 
class  3  (>3.3  ft).  The  water  depths  in  classes  5  and  6 
(>6.7  ft)  in  the  Neckar  Elver  in  WGT  and  the  Salt  River 
in  FK1,  respectively,  would  require  moat  vehicles  to  swim. 

No  rivers  that  would  require  a  vehicle  to  swim  occurred 
in  FK2.  All  of  the  water  depth  classea  occurring  in  WGT 
are  not  duplicated  in  FK1  and  FK2;  however,  the  overall 
range  of  water  depthe  occurring  in  WGT  Is  encompassed  by 
the  range  occurring  in  FK2.  Moreover,  since  water  depth 
varies  considerably  in  most  natural  features,  it  is  reason* 
able  to  expect  that  specific  traverses  may  be  selected  in 
the  Fort  Knox  terrains  which  will  have  all  significant 
water  depths.  The  distribution  of  the  water  velocity 
factor  classes  In  1X1  is  more  similar  to  that  in  WGT  than 
is  the  distribution  in  FK2.  Again,  thla  is  probably  becauae 
both  FK1  and  WGT  contain  large  rivers.  In  WGT  approximatsly 
83  miles  of  the  drainage  features  contained  water  and 
approximately  2  miles  of  the  drainage  fratures  had  no  water. 
In  FK1  approximately  14.6  miles  had  wat';r  and  1.8  miles  had 
no  water.  In  FK2  approximately  3.9  miles  had  water  and 
approximately  3.3  alles  were  dry.  All  water  velocity 
classes  occurring  in  WGT  are  duplicated  in  FK1  and  FK2. 

General 

37.  Although  it  has  been  shown  that  significant  differences  exist 
between  terrains  in  FX1  and  FK2  and  terrains  in  WGT,  specific  conditions 
can  be  found  in  which  the  terrains  are  generally  similar,  but  their  rela¬ 
tive  extent  and  occurrence  differ.  Nevertheless,  most  of  the  individual 
factor  classes  occurring  in  WGT  can  be  found  in  the  Fort  Knox  terrains. 
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Vehicle  Performs nca 


38.  The  three  study  areee  ware  compared  on  the  basis  of  tba  predicted 
performance  of  the  M141A2  4x4,  1/4-ton  truck  and  tha  M114A1B1  arnored 
co— nd  and  racoonalssanca  carrier.  Photographs  of  thaaa  rah  Idea  are  given 
In  figs.  126  and  B27. 

39.  Tha  parfornanca  predictions  wars  node  with  tha  AMC-71  nobility 
nodal,  which  predicts  parfornanca  in  araal  terrain  units  in  tarns  of  spaad 
and  identifies  tha  factors  causing  ianobllisations  or  limiting  spaad.  It 
also  predicts  parfornanca  in  linear  terrain  units  in  tarns  of  "go-no  go" 
and  Identifies  the  factors  causing  Immobilisation  where  applicable.  Basic 
data  required  as  input  to  tha  nodal  are  given  in  tables  B11-B14. 

Parfornanca  in  Araal  Terrains 


40.  An  example  of  tha  primary  output  of  the  AMC-71  nobility  nodal 
is  given  in  table  113.  In  this  table  tha  terrain  units  (second  coluam) 
era  given  in  order  of  decreasing  spaad.  As  a  secondary  consideration, 
whan  two  or  nora  terrain  units  yield  tha  sane  spaed,  the  terrain  units  era 
given  in  order  of  decreasing  sisa.  Tha  third  colunn  shows  tha  total  slsa 
of  the  terrain  unit  (l.a.  combined  area  of  all  patches)  in  tarns  of  per¬ 
cent  of  tha  total  study  area.  Tha  fourth  column  gives  tha  cumulative  area 
of  the  terrain  units  in  order  fron  tha  highest  spaad  to  the  lowest  spaad. 

Tha  fifth  colunn  indicates  tha  spaed  predicted  for  each  terrain  unit.  A 
spaed  of  0.1  nph  was  arbitrarily  assigned  to  all  of  the  no-go  predictions 
to  give  soma  idea  of  tha  engineering  effort  that  would  be  required  to 
cross  these  areas.  Tha  sixth  colunn  indicates  tha  avsraga  speed  considering 
tha  indicated  terrain  unit  and  all  terrain  units  yielding  higher  speeds. 

Tha  seventh,  eighth,  and  ninth  columns  list  tha  controlling  factors  (sea 
paragraph  47)  irtien  tha  vehicle  is  traveling  upslopa,  on  a  level,  and  down- 
slope,  respectively.  Similar  data  wars  detemlned  for  each  vehicle  in 
each  of  tha  study  arses  and  provide  tha  basis  for  tha  discussions  in  tha 
following  paragraphs. 
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41.  The  above  data  vara  axaalnad  froa  tha  standpoint  of  both  areal 
occupancy  and  frequency  of  occurrence  of  epead  in  terrain  unite.  Nobility 
profiles  ware  arranged  to  show  tha  degradation  In  speed  froa  tha  best  to 
tha  poorest  terrain  unite. 

Predicted  speed 

42.  K114AU2.  Pig.  B28  shove  the  degradation  in  predicted  spaed 

froa  tha  bast  to  the  poorest  terrain  unit  as  a  function  of  percent  of  the 
total  area  for  each  study  area  for  the  K114A1K1.  For  the  terrain  units 
comprising  any  given  percent  of  the  three  areas,  the  predicted  speeds  were 

lowest  for  FK2,  largely  as  a  result  of  the  obstacles  (eroded  ditches)  In 

FK2.  Hots  thet  the  largest  variation  in  predicted  speeds  occurred  in  the 
terrain  unite  coap  rising  about  tha  best  6  percent  (0-6%)  (where  the  sur¬ 
face  roughness  was  very  low  in  FK1)  and  the  poorest  3C  percent  (70-100%) 

(where  the  ditches  were  aost  severe  In  FK2)  of  each  area.  For  the  terrain 

units  coaprlsing  approximately  35  percent  of  the  three  areas  [between  the 
best  30  percent  (0-30%)  and  the  poorest  35  percent  (65-100%)),  the  pre¬ 
dicted  speede  are  not  significantly  different.  The  predicted  speeds  for 
FK1  are  wore  similar  to  those  for  WGT  than  to  those  for  FK2  on  an  areal 
basisi  however,  the  entire  range  of  speede  predicted  for  WGT  was  also  pre¬ 
dicted  for  FU  and  fK2. 

43.  Nobility  profiles  showing  degradation  of  predicted  speed  froe 
the  best  to  the  poorest  terrain  unit  in  each  area  as  a  function  of  fre¬ 
quency  of  occurrence  were  also  prepared.  An  example  is  shown  In  fig.  129; 
tabulated  values  for  this  plot  are  given  In  table  116.  Examination  of 
these  profiles  revealed  essentially  the  sane  information  as  the  profiles 
based  on  percent  of  total  area.  Therefore,  discussion  of  vehicle  perform¬ 
ance  le  based  on  the  areal  occupancy  of  the  terrain  units  in  each  study 
area. 

44.  M151A2.  The  nobility  profile  (fig.  130)  for  the  KL51A2  shows 
that  the  predicted  speed  in  the  terrain  units  for  any  given  percentage  of 
the  three  study  areas  is  highest  for  FK1,  generally  because  the  obstacles 
were  less  severe  and  the  surface  was  smoother.  The  predicted  speed  in  the 
best  ^  percent  of  the  area  and  about  the  poorest  30  percent  of  tbs  eras 
was  higher  for  WGT  than  for  FK2,  again  because  of  the  eroded  ditches  In 
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FK2.  For  the  remaining  55  percent  of  the  area,  the  predicted  speed  was 
higher  for  FK2  than  for  WGT,  largely  due  to  the  row  crops  in  WGT.  Overall, 
the  predicted  speeds  for  the  M151A2  in  WGT  are  lass  similar  to  thosa  in 
FK1  and  FK2  than  the  predicted  speeds  for  the  M114A1E1  because  the  M131A2 
was  more  sensitive  to  the  obstacles  in  the  areas.  This  sensitivity  was 
brought  about  because  the  M151A2  was  considered  to  have  to  cross  the  crop 
rows  in  WGT,  whereas  the  M114A1E1  ties  considered  to  ride  on  top  of  the 
crop  rows. 

Cumulative  averaae  speed 

45.  The  cusnilatlve  average  speed  is  the  weighted  average  of  the 
predicted  speeds  for  the  beet  terrain  unit,  then  the  best  two  terrain  units, 
the  best  three  terrain  units,  etc.,  as  shown  in  table  B15.  It  is  computed 
as  follows: 

E*  [speed  in  unlt^  x  unit  area.] 

Cumulative  Average  Speed  ■  . . .  —  ■  -■  ■  * 

l  unit  areas 
o 

Note  that  imaobillzations  are  assigned  a  speed  of  0.1  npk  (see  tsble  115). 
This  is  reflected  in  the  cumulative  average  speed  curves.  It  should  be 
emphasised,  however,  that  when  an  immobilisation  is  predicted  for  a  terrain 
unit,  this  prediction  ie  applicable  to  the  terrain  unit  as  a  whole,  and 
it  is  realised  that  careful  reconnaissance  night  dladose  a  path  for  cross¬ 
ing  the  area.  For  instance,  a  path  might  be  found  between  linear  obstacles 
such  as  erosion  ditches  which  would  permit  traffic  in  a  mingle  diractlon. 

46.  M114A1E1 .  Fig.  B31  shows  ths  degradation  in  cumulative  average 
speed  for  the  M114A1E1  from  the  best  to  the  poorest  terrain  unit  in  each 
study  area. 

47.  The  cumulative  average  speed  in  the  best  15  percent  of  the  area 
is  highest  for  FK1 .  When  greater  than  15  percent  and  less  than  60  percent 
of  the  ere  is  considered,  the  cumulative  average  epeed  la  higher  for  WGT. 
When  greater  than  60  percent  of  the  area  is  considered,  the  cunulstlve 
average  speed  is  highest  for  FK1.  The  cunulstlve  average  speed  for  any 
given  percentage  of  the  area  le  lowest  for  FK2.  For  most  of  the  sres,  the 
average  speeds  for  the  M114A1E1  are  similar  for  FK1  and  WGV. 

48.  M151A2.  The  cumulative  average  speed  profile  for  the  M151A2 
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(fig.  332)  shows  that  tha  cuaulatlvs  avsraga  spaad  for  any  glvan  parcantaga 
of  tha  araa  travarsad  la  hlghar  in  FK1  than  In  FK2  or  WGT.  Tha  cumulative 
avaraga  spaad  In  tha  boat  20  parcant  of  tha  araa  la  hlghar  for  WCT  than  for 
FK2.  Whan  graatar  than  20  parcant  and  lass  than  73  parcant  of  tha  araa  la 
cons  Ida  rad,  tha  avaraga  spaad  la  hlghar  for  FK2  than  for  WGT.  Whan  graatar 
than  75  parcant  of  tha  araa  la  considered,  tha  avaraga  spaad  for  WGT  Is 
hlghar  than  that  for  PK2.  Again,  tha  cuaulatlva  avaraga  apaads  for  tha 
M151A2  show  laaa  similarity  between  tha  study  araas  than  tha  cuaulatlva 
avaraga  spaada  for  tha  M114A1I1. 

Siaaary  of  araal  terrain  performance 

49.  A  suaaary  of  vahlda  parforaanca  In  tarns  of  cuaulatlva  avaraga 
pradlctad  spaad  of  tha  trackad  K114A1I1  and  tha  vhaalad  M151A2  In  tha  araal 
tarralns  of  FK1,  FK2,  and  WCT  for  tha  bast  50  parcant  (Vjq)  and  tha  bast 
90  parcant  (VjQ)  of  tha  raspactlva  araaa,  tha  ranking  of  tha  vahldas 
(M151A2  spaad /Ml  14A1E1  spaad),  and  tha  pradlctad  parcant  no  go  Is  shown 


in  tha  following 

tabulation: 

N114A1E1 

M151A2 

Ranking 

V50 

FK1 

17  mph 

20  mph 

118X 

FK2 

16  mph 

17  mph 

106X 

WGT 

18  mph 

11  mph 

61X 

o 

> 

FK1 

15  mph 

17  mph 

113X 

FK2 

1  mph 

1  mph 

100X 

WGT 

12  mph 

6  mph 

SOX 

No  Go 

FK1 

0.8X 

2. IX 

FK2 

20.61 

27.7X 

WGT 

0.7X 

1.8X 

Whlla  tha  tabulation  shows  that  tha  ranking  of  tha  two  dlffarant  vahldas 
baaad  on  ralatlve  spaad  and  parcant  no  go  Is  fairly  conslstant,  tha  spaad 
parforaanca  on  an  arad  basis  dlffars  among  tha  thraa  araas. 

Controlling  Factors  In  Araal  Tarralns 

50.  Ons  of  tha  outputs  of  tha  AMC-71  mobility  modal  is  tha  parcant 
of  tha  araa  at  which  each  of  10  factors  alther  causes  an  Immobilization 
or  limits  spaad.  The  10  controlling  factors  are  Identified  by  number  as 
follows: 
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Con troll in* 
Factor  No. 


Factors  Caus ins 


Description 

[Mobilisation 


1  Surface  strength  lass  than  minimum  required  for  me  pass 

2  Available  traction  lass  than  total  of  surface  and  slope 

resistances 

3  Obstacle  interference 

4  Available  traction  less  than  total  of  surface,  slope, 

obstacle,  and  vegetation  resistances 

Factors  Uniting  Speed 

5  Ride  dynamics 

6  Total  of  surface  and  slope  resistance 

7  Visibility 

8  Maneuvering 

9  Total  of  surface,  slops,  obstacle,  and  vegetation 

resistances 

10  Acceleration  and  deceleration  between  obstacles 

51.  It  Bust  be  emphasized  that  controlling  factors  5  through  10 
given  above  are  those  that  limit  speed  in  the  AMC-71  mobility  model  and 

do  not  indicate  the  degree  of  effect  of  individual  terrain  factors.  Never¬ 
theless,  they  do  provide  a  useful  diagnostic  tool,  subject  to  certain 
limitations.  For  instance,  ride  dynamics  (5)  reflects  the  effects  of 
small-scale  surface  irregularities,  but  does  not  include  the  effects  of 
overriding  obstacles.  Surface  and  slope  resistance  (6)  indicates  the 
effects  of  surface  strength  and  gravity.  Visibility  (7),  per  se,  does  not 
directly  affect  vehicle  speed,  but  limits  the  driver's  vision  and  hence 
his  ability  to  avoid  obstacles,  thus  indirectly  limiting  speed.  Factors  8 
and  9  indicate  the  effects  of  vegetation,  soil,  slope,  and  obstacles  and 
are  considered  together  in  this  analysis  as  the  effects  of  vegetation- 
soil-slope  combination.  The  minor  effect  of  obstacles  included  in 
factor  9  ia  not  considered.  Factor  10  indicates  the  major  effects  of 
obstacles;  this  includes  the  speed  reduction  due  to  shock  when  overriding 
an  obstacle,  and  the  effects  of  acceleration  and  deceleration  between 
obstacles  when  applicable. 

52.  The  factors  controlling  speed  were  examined  at  increasing 
intervals  of  20  percent  of  each  area  in  which  the  predicted  speeds  were 
highest,  l.e.  the  best  20  percent,  the  best  40  percent,  60  percent,  80  per¬ 
cent,  and  finally  for  100  percent  of  each  study  area.  These  data  are  given 
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in  tables  117  and  111. 

H114A111 

53.  WGT.  Fig.  133  shova  that  rlda  dynaalcs  (factor  5)  la  tha  nost 
significant  single  factor  Halting  speed  of  the  M114A1E1  in  WGT  for  all 
Intervals,  reflecting  tha  effects  of  cropland.  However,  in  the  0-  to  100- 
percent  Interval,  tha  vegetatlon-soll-slope  coablnatlon  (factors  8  and  9) 
had  a  slightly  larger  effect.  Another  factor  which  Halted  speed  In  at 
least  10  percent  of  WGT  was  obstacles  (10).  Fig.  834  shows  that  laaobl- 
11  ret  Ions  of  the  M114A1E1  occurred  In  less  than  1  percent  of  WGT.  These 
resulted  froa  soil-slope  (2),  obstacle  Interference  (3),  and  lack  of 
sufficient  traction  (4). 

54.  FK1.  In  FK1  tha  two  factors  (8  and  9)  which  are  associated 
with  vegetation,  aoll,  and  slope  are  the  nost  significant  factors  Halting 
speed  of  the  M114A1E1  for  all  Intervals.  This  was  not  unexpected  since 

76  percent  of  FK1  Is  wooded.  Other  factors  which  Halted  speed  in  at 
least  10  percent  of  FiCl  were  ride  dynaalcs  (5) ,  soil-slope  (6) ,  and 
obstacles  (10).  Iaaoblllzations  of  tho  M114A1E1  occurred  In  less  than 
1  percent  of  FK1.  They  resulted  fr  a  lack  of  sufficient  traction  (4). 

55.  FK2.  For  the  beat  20  percent  of  FK2,  ride  dynaalcs  (5)  Is 
the  aost  significant  factor  Halting  speed  of  the  M114A1E1;  for  all  other 
Intervals,  obstacles  (factor  10)  were  the  aost  significant  as  a  result  of 
the  erosion  ditches  In  FK2.  Other  factors  which  Halted  the  speed  of  the 
M114A1E1  In  at  least  10  percent  of  FK2  were  ride  dynamics  (5)  and 
vegetation-soil-slope  coablnatlon  (8  and  9).  Ianobilizatlons  of  the 
M114A1E1  In  12.6  percent  of  FK2  were  caused  by  obstacle  interference  (3) 
and  In  7.9  percent  of  FK2  were  caused  by  lack  of  sufficient  traction  (4). 

56.  It  is  noteworthy  that  not  only  do  all  of  the  factors  limiting 
speed  in  WGT  occur  In  FK1  and  FK2,  but  they  occurred  In  mos*.  speed  ranges, 
Indicating  a  wide  range  of  effects. 

M151A2 

57.  WGT.  Fig.  835  shows  that  ride  dynaalcs  (factor  5)  was  the  aost 
significant  factor  Halting  pseed  of  the  H151A2  In  the  best  20  percent  of 
WGT.  In  the  best  40  and  best  60  percent  of  WGT,  vegetation-soil-slope 
combination  (factors  8  and  9)  was  the  most  significant;  In  the  best 
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factor 


1 

2 

3 

4 

3 

6 

7 

8 
9 

10 


Surface  atrangth  laaa  than  nlnlnun  required  for 
ona  paaa. 

Available  traction  laaa  than  aurfaca  and  elope 
raalataaca. 

Obatada  latarfaraaca 

Availahia  traction  laaa  than  total  raalatlag 
forcea. 

Alda  dynaalca 


Total  of  aurfaca  and  alopa  raalatance  LlQ  I 
Vlalblllty 
Maneuvering 

Total  of  all  reelating  forcaa 
Accelaration/decelaratlon  batwaan 
obstacle*. 
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133.  Controlling  factora  for  the  K114A1I1 
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80  percent  and  when  100  percent  of  DOT  was  considered,  obstacles  (factor  10) 
wore  aoot  significant.  Thaos  ruulu  xwflect  tha  offsets  of  tha  croplands 
and  foroats  in  WCT.  rig.  138  shows  that  lanoblllsatlon  of  tha  KL51A2  wars 
pradlctad  In  last  than  2  percent  of  WCT.  They  ware  caused  by  soil-slops 
(2),  obstacle  interference  (3),  and  lack  of  sufficient  traction  (4). 

58.  TK1.  In  YK1,  vagatatlon-soll-slopa  conblnatlon  (8  and  9)  United 
speed  of  the  M151A2  nost  frequently  in  the  beet  20  and  best  40  percent  of 
the  area.  In  the  best  40  and  80  percent,  and  when.  100  percent  la  considered, 
obstacles  (10)  nost  frequently  United  speed.  The  only  other  factor  which 
United  speed  of  the  M151A2  in  at  least  10  percent  of  IK1  was  risibility 
(7).  Again,  the  preponderance  of  wooded  area  in  fK2  ia  shown.  All  lanobl- 
lisationa,  which  Mounted  to  2.1  percent  of  9K1  were  due  to  soft  soils  (1). 

59.  FK2.  In  the  best  20  and  best  40  percent  of  VK2,  the  speed  of 
the  M151A2  was  nost  frequently  United  by  the  vegetation-soil-slope  conbi¬ 
natlon  (g  and  9).  In  the  beat  60  and  80  percent,  and  when  the  entire  area 
was  considered,  obstacles  (10)  United  the  speed  nost  frequently.  Ianobl- 
lisatlona  were  caused  by  obstacle  interference  in  20  percent  of  Ft-  and 
7.9  percent  of  FK2  by  lack  of  sufficient  traction  (4).  Both  the  factors 
Uniting  spaed  and  the  factors  causing  lanoblllsatlon  indicate  the  range 
of  severity  of  erosion  ditches  in  PK2. 

Iffecta  of  Vehicle  Characteristics 

• 

60.  To  show  the  relative  overall  lnportancs  of  vehicle  ride,  trac¬ 
tion,  and  power  train,  and  other  vehicle  characteristics  wore  clearly, 
separate  plots  were  aade  for  each  factor  Uniting  speed. 

61.  Ride  dynsaics  (fig.  >37)  United  speed  for  the  M114A1B1  nuch 
wore  frequently  than  for  the  M151A2  in  WGT  and  slightly  nore  often  in  PK1 
and  PK2.  Most  of  the  effect  of  ride  dyn sales  occurs  in  the  best  40  percent 
of  the  areas  (l.e.  that  40  percent  in  which  the  highest  speeds  occurred). 

This  reflects  the  better  suspension  characteristics  of  ths  M1S1A2  at 
higher  speeds  as  shown  in  table  >14  where  an  1.0  ras  allows  34.0  aph  for 
the  M151A2  and  23.5  aph  for  the  M114A1B1. 

62.  Surface  and  slope  resistance  (fig.  >38)  generally  Halted  the 
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•urfaca  atroogth  laaa  than  alniauai  require*  (or  om  paai 
Aval  labia  traction  laaa  than  total  o(  aorfaca  an*  alopa 
realatancaa. 

Obatacla  Interference. 

Available  traction  laaa  than  total  of  ourfaca,  alopa, 
obatacla,  an*  vegetation  raalataneaa. 


Fig.  136.  Factora  caualng  lanoblllaatlor*  for  the  K131A3 
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speed  for  Che  M114A1E1  sore  frequently  then  for  tht  M151A2 ,  although  the 
differences  ere  small.  In  the  best  20  percent  of  W3T  surface  and  slope 
resistance  was  not  a  Halting  factor  for  the  M114A1E1,  but  Halted  the 
speed  of  the  M151A2  to  some  extent. 

63.  Visibility  (fig.  B39)  Halted  speed  only  rarely  In  FK2  and  WGT. 
The  difference  in  FK1  is  probably  due  to  the  fact  that  the  tracked  M114A1E1 
can  stop  aore  quickly  in  weaker  soils. 

64.  Similar  exaainatlons  were  performed  for  the  dther  diagnostic 
factors,  but  are  not  sham  because  the  effects  of  design  characteristics 
are  aore  obscure  due  to  the  interrelations  between  vehicle  characteristics. 
However,  the  relative  importance  of  each  controlling  factor  can  be  seen  in 
figs.  B33  and  B35. 

63.  Froa  the  foregoing  analysis,  it  is  apparent  that  terrains  in 
FK1  and  FK2  differ  froa  terrains  in  WGT  in  respect  to  potential  immobi¬ 
lizing  situations,  and  to  the  relative  overall  Importance  of  vehicle  and 
power  train  characteristics.  However,  indivldua1  terrain  units  can  be 
formed  in  the  Fort  Knox  study  areas  by  plowing  up  rows,  which  will  affect 
vehicle  performance  throughout  the  range  to  be  expected  in  WGT. 

Performance  in  Linear  Terrains 


66.  Performance  predictions  for  the  linear  terrain  units  were  made 
in  terms  of  go  or  no  go  by  the  AMC-71  mobility  model.  For  comparative 
purposes,  the  linear  terrain  features  were  separated  into  three  types — wet 
concave,  dry  concave,  and  convex.  Wet  concave  denotes  negative  features 
such  as  rivers,  streams,  and  ditches  that  contain  water.  Dry  concave 
denotes  negatl\  features  that  contain  no  water.  Convex  features  are 
positive  features  such  as  road  embankments  and  levees. 

67.  The  analysis  of  the  vehicle  performance  predicitons  for  the 
M151A2  and  the  K114A1E1  in  each  study  area  in  terms  of  mileage  and  percent 
of  go  for  each  type  of  linear  feature  is  shown  in  table  B19. 

68.  In  the  wet  concave  features,  both  vehicles  had  a  higher  percent¬ 
age  of  go  in  FK1  and  FK2  than  in  WGT.  This  is  primarily  because  there  are 
more  large  rivers  in  WGT  than  in  FK1  and  FK2. 
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69.  In  the  dry  concave  features,  both  vehicles  had  a  higher  percent¬ 
age  of  go  in  FK1  than  in  WGT  because  of  the  steep  road  cuts  in  WGT.  The 
performances  in  PK2  and  WGT  were,  in  general,  similar.  While  there  were 

no  road  cuts  in  FK2 ,  there  acre  several  erosion  ditches. 

70.  There  were  no  convex  linear  features  in  FK1.  and  the  convex 
features  in  FK2  created  no  difficulty  for  the  vehicles  because  of  the  small 
size  of  theoe  features.  The  convex  features  in  WGT  comprised  a  large  per¬ 
cent  of  the  total  l.near  features,  reflecting  the  road  embankments  which 
would  cause  some  difficulty  for  both  vehicles. 

71.  If  all  dry  features  are  considered,  the  predicted  performance 
of  both  vehicles  in  the  three  study  areas  appear  to  be  relatively  similar. 
In  all  types  of  linear  features  the  percentage  of  go  was  higher  for  the 
M114A1E1  than  for  the  M151A2,  except  for  the  convex  features  in  FK2  where 
the  predictions  indicated  no  difficulty  for  either  vehicle.  This  is 
probably  a  result  of  the  superior  traction  and  swimming  capabilities  of 
the  M114A1E1. 


Factors  Causing  No-Go  Performance  in  Linear  Terrains 


72.  The  output  of  the  AMC-71  mobility  model  includes  the  reasons 
for  no-go  predictions  in  linear  terrain  units.  These  diagnostic  factors 
are  as  follows: 


Factor  No. 


Description 


1  Water  depth  greater  than  fording  depth. 

2  Water  velocity  greater  than  maximum  allowable  (allowable 

water  velocity  based  on  control  of  vehicle  while  cross¬ 
ing  stream  and  exiting). 

3  Bank  angle-height  combination. 

4  Surface  strength  less  than  minimum  required  for  one  pass. 

5  Traction  available  less  than  surface  and  slope  resist¬ 

ances. 

6  Vehicle  geometry-linear  feature  interference. 


The  reasons  for  no-go  performance  are  listed  in  the  order  in  which  the 


applicable  terrain  and  vehicle  characteristics  are  considered  in  the  AMC- 


71  mobility  model,  and  must  be  viewed  in  that  light;  i.e.  once  a  no  go  has 
been  predicted  for  a  linear  terrain  unit,  no  further  determinations  are 
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made.  For  example,  If  the  water  depth  exceede  the  fording  limit  for  a 
nonaaphlbloua  vehicle,  no  determination  la  made  for  water  velocity,  bank 
angle,  or  aoll  atrength.  Thua,  when  a  factor  la  given  for  caualng  no  go, 
it  may  be  correctly  aeeumed  that  the  preceding  factore  predicted  go,  but 
it  may  not  be  aeeumed  that  the  aubaequent  factore  would  predict  go.  In 
order  to  reduce  the  number  of  computatlona  involving  soil  strength  and 
traction,  the  bank  angle-height  combinations  which  would  yield  a  no-go 
condition  for  both  vehicles  regardless  of  soil  strength  were  established. 
The  following  values  were  used: 


Height,  ft 


For  wet  concave  features 
For  dry  concave  features 
For  convex  features 


30  or  greater 
40  or  greater 
40  or  greater 


Note  that  this  is  always  a  special  case  of  factor  5  and  may  be  a  special 
case  of  factor  4  or  factor  6.  The  immobilisations  due  to  water  depth  and 
water  velocity  (table  B20)  reflect  the  presence  of  the  Salt  River  in  FK1 
and  the  Neckar  River  In  WGT.  Note  that  the  predictions  indicate  the 
amphibious  M114A1E1  would  do  no  better  in  the  Salt  River  (and  only  slightly 
better  in  the  Neckar  River)  than  the  nonamphlblous  M141A2.  For  this  study 
the  M141A2  was  considered  to  be  operating  without  a  fording  kit;  however, 
the  depths  of  the  Salt  and  Neckar  Rivers  were  such  that  use  of  the  fording 
kit  would  not  have  made  them  passable. 

73.  A  summary  of  the  vehicle  performance  diagnostics  is  given  in 
table  B20.  Since  the  M114A1E1  is  an  amphibious  vehicle,  water  depth 
caused  immobilizations  only  for  the  M151A2.  For  this  study  the  M151A2 
was  considered  to  be  operating  without  a  fording  kit.  Fording  depth  is 
given  in  table  Bll. 

74.  The  lengths  of  the  no  go's  due  to  the  bank  angle-height  combi¬ 
nation  are  different  for  the  two  vehicles  in  WGT  because  the  effects  of 
water  depth  and  velocity  are  considered  first  in  the  AMC-71  mobility  model. 

75.  No  linear  terralu  units  caused  immobilization  as  a  result  of 
insufficient  soil  strength;  l.e.  RCI  less  than  VCI^. 

76.  The  M114A1E1  had  fewer  no  go's  from  traction  failure  in  FK1  than 


the  M151A2. 
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77.  Vehicle  geoaatry-llnear  feature  geometry  Interference  caused 
immobilizations  only  for  the  M151A1  in  WGT.  These  resulted  fro®  the 
steeper  approach  angles  In  WGT  than  in  FK1  or  FK2. 

78.  In  general,  the  diagnostics  show  that  the  precentages  of  the 
linear  terrains  affected  by  each  of  the  factors  causing  Immobilisations 
were  generally  similar  in  all  three  areas,  with  FK1  and  WGT  being  nore 
similar  due  to  the  presence  of  large  rivers;  the  major  exception  being 
that  FK1  and  FK.2  lacked  the  steeper  approach  angles  which  caused  Immobi¬ 
lizations  were  generally  similar  in  all  three  areas,  with  FK1  and  WGT 
being  more  similar  due  to  the  presence  of  large  rivers;  the  major  excep¬ 
tion  being  that  FK1  and  FK2  lacked  the  steeper  approach  angles  which 
caused  immobilization  for  the  M151A2  in  WGT. 

Evaluation 

Areal  distribution 

79.  The  tabulation  of  the  comparative  data  describing  each  param¬ 
eter  shown  in  fig.  B40  was  used  to  consider  at  several  levels  of  detail 
the  relative  importance  of  the  parameters  compared  in  the  foregoing  para¬ 
graphs.  Each  item  was  evaluated  in  terms  of  the  similarity  of  WGT  to  FK1 
and  FK2  according  to  the  following  scale:  high,  som,  low,  and  very  low. 
For  instance,  the  size  of  WGT  was  considered  to  have  very  low  similarity 
to  FK1  and  high  similarity  to  FK2,  etc.  In  order  to  summarize  the  results 
at  the  level  shown  in  the  table  below,  the  similarity  evaluations  of  the 
items  listed  in  the  last  column  were  arbitrarily  assigned  numerical  values 
(High  -  4,  Same  -  3,  Low  -  2,  and  Very  Low  -  1).  The  values  given  to  the 
comparative  data  items  were  summed  and  averaged.  The  average  values  were 
used  to  assign  the  similarity  ratings  as  follows: 
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Fig.  B^O.  Tabulat.  of  comparative  data 


WGT  Similarity  To: _ 

FK1 _ FK2 _ 

Very  Very 


Evaluation  Per  meter _ High  Seme  Low  Low  High  Some  Low  Low 


1. 

General  description 

X 

X 

2. 

Areal  terrain  units 

X 

X 

3. 

Linear  terrain  units 

X 

X 

4. 

Areal  terrain  factors 

X 

X 

5. 

Linear  terrain  factors 

X 

X 

6. 

Performance  of  M114A1E1  X 

X 

7. 

Performance  of  M151A2 

X 

X 

8. 

Factors  causing  no  go's  for 

M114A1E1 

X 

9. 

Significant  factors  limiting 

speed  for  M114A1E1 

X 

X 

10. 

Factors  causing  no  go's  for 

M151A2  X 

X 

11. 

Significant  factors  limiting 

X 

X 

NOTE:  Nos.  6,  7,  8,  and  10  Include  both  areal  and  linear  terrains. 


80.  General  description.  The  tabulation  shows  that  the  general 
description  of  the  areas  indicate  low  similarity  of  WGT  to  FK1  and  FK2. 

81.  Terrain  units  and  terrain  factors.  The  second,  third,  fourth, 
and  fifth  parameters  show  1  ov  or  very  low  similarity  of  WGT  to  FK1  and 
FK2  as  would  be  expected  since  these  parameters  summarize  measurements 

of  specific  factors  used  to  describe  terrain. 

82.  Mobility  performance.  The  mobility  parameters,  i.e.  6-11, 
show  the  similarity  in  vehicle  performance  factors  causing  no  go  and 
factors  limited  speed  for  the  M114A1E1  and  M151A2. 

83.  The  predicted  performance  of  the  M114A1E1  was  highly  similar 
in  WGT  and  FK1.  The  factors  causing  no  go's  for  the  M114A1E1  were  only 
somewhat  similar  in  WGT  and  FK1,  and  the  factors  limiting  speed  of  the 
M114A1E1  show  a  low  similarity  between  WGT  and  FK1.  The  performance  of 
the  M114A1E1  in  WGT  and  FK2  was  somewhat  similar,  the  factors  causing  no 
go  and  the  factors  limiting  speed  were  also  somewhat  similar. 

84.  The  predicted  performance  of  the  M151A2  was  somewhat  similar 
in  WGT  and  FK1,  the  factors  causing  no  go  for  the  M151A2  were  highly 
similar  between  WGT  and  FK1,  and  the  factors  limiting  speed  showed  low 
similarity  between  WGT  and  FK1.  The  performance  of  the  M151A2  in  WGT 
showed  low  slmialrity  to  that  in  FK2;  the  factors  causing  no  go  for  the 
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M151A2  shoved  some  similarity  between  WGT  and  PK2;  and  the  factors  limiting 
speed  were  somewhat  similar. 

85.  When  considered  together,  the  predicted  performance  of  the  two 
vehicles  indicated  more  similarity  between  WGT  and  FK1,  the  factors  causing 
no  go  Indicate  more  similarity  between  WGT  and  FKl,  and  the  factors  limiting 
speed  indicate  more  similarity  between  WGT  and  FK2. 

86.  Overall,  the  mobility  parameters  indicate  that  the  terrain  in 
FKl  and  FK2  is  soaiewhat.  similar  to  that  in  WGT  in  terms  of  vehicle  response. 
Occurrences 

87.  Although  the  areal  and  linear  dlstributiona  in  the  terrains  are 
significantly  different,  examination  of  the  terrain  units  and  the  terrain 
factors  individually  shoved  that  most  of  the  terrain  conditions  in  WGT  that 
affect  mobility  can  either  be  found  or  reproduced  with  little  effort  in 
FKl  and  FK2. 

88.  Areal  terrain  units.  Areal  terrain  units  representative  of  those 
in  the  forested  areas  of  WGT  can  be  selected  in  FKl  or  FK2,  although  their 
relative  size  and  frequency  of  occurrence  will  differ.  Terrain  units  can 

be  found  in  FKl  or  FK2  which  are  similar  to  those  in  the  croplands  in  WGT 
except  for  the  obstacles  (crop  rows),  and  since  these  are  man  made,  they 
can  easily  be  duplicated. 

89.  Linear  terrain  units.  Generally,  linear  terrain  units  similar 
to  those  in  WGT  can  be  found  in  FKl  or  FK2  except  for  the  linear  terrain 
units  comprising  the  roads.  Adding  the  perimeter  road  in  FK2,  which  was 
not  mapped,  would  Increase  the  number  of  similar  terrain  units. 

90.  Areal  terrain  factors.  Although  the  areal  occupancy  and  fre¬ 
quency  of  occurrence  of  individual  terrain  factor  values  do  differ,  generally 
the  factor  values  which  occur  in  WGT  can  be  found  in  FKl  or  FK2,  for  example: 

a.  Soil  strength.  All  of  the  soil  strength  classes  occurring 
in  WGT  can  be  found  in  FKl  or  FK2. 

J>.  Slopes.  The  slopes  which  occur  in  WGT  and  not  in  FKl  or 
FK2  represent  only  0.2  percent  of  WGT. 

c.  Surface  roughness.  All  of  the  surface  roughness  classes 
which  are  in  WGT  can  be  found  in  FKl  or  FK2. 

d.  Visibility.  All  of  the  visibility  classes  occurring  in 
WGT  can  be  found  in  FKl  or  FK2. 
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a.  Obsta else.  Th«  major  obstacles  In  WGT  which  nrs  not  found 
In  FK1  or  FK2  arc  ths  crop  rows,  which  can  bs  sssily  dupli¬ 
cated  . 

f_.  Vststation.  All  of  ths  at  on  diaastsr  classes  found  in  VPJT 
occur  in  some  terrain  units  of  FKi  or  FK2.  The  spacing 
classes  which  are  not  duplicated  represent  areas  of  widely 
spaced  trees  which  have  little  or  no  effect  on  vehicle  per¬ 
formance.  In  any  event,  these  spacing  classes  could  con¬ 
ceivably  be  duplicated  at  Fort  Knox  by  removing  a  few  trees. 

91.  Linear  terrain  factors.  Most  of  the  linear  terrain  factor 
values  occurring  in  WGT  can  be  found  in  FK1  or  FK2  except  valuea  for  low 
bank  height  and  approach  angle  terrain  factors.  However,  the  overall  range 
of  low  bank  heights  in  WGT  is  duplicated  in  FK1  or  FK2,  and  the  nlssing 
classes  represent  only  2.0  percent  of  the  WGT  linear  features.  Most  of  the 
approach  angles  that  do  not  occur  in  FK1  or  FK2  as  presently  napped  (except 
the  steeper  approach  angles  which  resulted  froe  the  large  cuts  and  fills 
along  the  primary  roads  in  WGT)  would  be  found  if  the  perimeter  road  around 
FK2  were  Included. 

92.  Vehicle  speed.  The  ranges  of  vehicle  speed  for  both  vehicles 
that  were  predicted  for  WGT  were  also  predicted  for  FK1  or  FK2,  although 
the  relative  areas  for  which  these  speeds  were  predicted  did.  In  some 
cases,  significantly  differ. 

93.  Factors  causing  immobilization.  The  only  immobilizing  factor 
in  areal  terrains  which  occurred  in  the  predictions  for  WGT  and  not  in 
those  for  FK1  or  FK2  was  the  surface  strength-slope  combination  which 
represents  only  0.2  percent  of  WGT  for  the  M151A2  and  0.1  percent  of  WGT 
for  the  M114A1E1.  The  only  immobilizing  factor  in  linear  terrains  which 
occurred  in  WGT  predictions  and  not  in  those  for  FK1  or  FK2  was  vehicle 
geometry-linear  feature  geometry  Interference  for  the  M0L51A2. 

94.  Factors  limiting  speed.  All  of  the  factors  limiting  speed  that 
occurred  in  the  WGT  predictions  also  occurred  in  those  for  both  FK1  and  FK2. 
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Table  >4 


of  Linear  Terrain  Unit. 


for  Fort  Knox  Study  Ar 


h.  and  Occurrence  Data 


TUdDl 


TfcRHAlN 
UNIT  M 


14*1 


NO.  MEAN  "LENGTH 

or  length  «««  »»» 


OCCuNNENCic 

<««<  »»>> 


H 

EHLLZ9 

HR,  990 

■mm 

■LAID 

1 

3.230 

10.606 

35, 396 

1.961 

11.765 

1 

3.110 

10.405 

45.601 

1.961 

13.?25 

6 

0.433 

6.699 

54.900 

11.765 

29.490 

7 

0.369 

6.632 

63.131 

13.725 

39.ll6 

1 

2.150 

7.193 

70.425 

1.961 

41.176 

9 

0.21/ 

6.524 

76.648 

17,647 

56.624 

7 

0.254 

5.995 

•2.604 

13.725 

72.949 

1 

1.690 

5.654 

•6.456 

1.961 

74.510 

3 

0.240 

2.409 

90.667 

5.662 

•0.692 

2 

0.315 

2.106 

92.974 

3.922 

•9.614 

1 

0.620 

2.074 

99.049 

1.961 

•6.275 

2 

0.260 

1.740 

96 , 7$8 

3.922 

90,196 

2 

0.170 

1.136 

97.926 

3.922 

94.116 

1 

0.260 

0.937 

96.662 

1.961 

96.076 

1 

0.170 

0.569 

99,431 

1.961 

96.029 

1 

0.170 

0.569 
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Lao«th.  and  Occurranca  Data 
Atm  2  (FK2) 
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NO. 

TkRNAIN 

UNI! 

lJnSth 

MILES 

NO. 

OF 

QKUfl 

KEAN 

length 

NILES 

LENGTH 

«««  »»» 
_ ! _ 9  » 

1 

& 

4,690 

2 

2.345 

18.277 

16.277 

t 

6 

3.380 

7 

0.463 

13.172 

31.450 

3 

7 

2.190 

32 

0.066 

6.535 

39.964 

4 

26 

1.650 

1 

1.650 

7.210 

47.194 

a 

? 

1,230 

1 

1.230 

4.793 

51.960 

0 

2* 

1,170 

3 

0.390 

4.560 

56.547 

7 

13 

0,980 

7 

0.140 

3.619 

60,366 

e 

5 

o,970 

2 

0.465 

3.760 

64.147 

9 

23 

.920 

1 

0.920 

3.585 

67.732 

1 

0,920 

1 

0.920 

3.565 

71.317 

H 

2' 

'; » 920 

1 

0.920 

3.565 

74.903 

12 

9 

« 630 

2 

0.415 

3.235 

78.137 

1 3 

22 

i  ,600 

1 

0.600 

3.116 

61.255 

1  4 

16 

0.750 

2 

0.375 

2.923 

64.176 

15 

1' 

0.540 

1 

0.540 

2.104 

66.262 

1«> 

18 

0.480 

1 

0.460 

1.671 

66,113 

1 / 

IV 

0,460 

1 

0.460 

1.793 

69.945 

1» 

25 

0,460 

1 

0.460 

1.790 

91.736 

1 9 

21 

l  .460 

1 

0,460 

1.793 

93.531 

2U 

15 

0,450 

1 

0.450 

1.754 

95.284 

21 

4 

c  ,360 

1 

0.380 

1.401 

96,765 

22 

17 

'■,310 

1 

0.310 

1.206 

97.V73 

23 

14 

'  ,200 

1 

0,200 

0.779 

96.753 

?« 

6 

,140 

1 

0.140 

0,546 

99.299 

25 

11 

0,090 

1 

0.093 

0.351 

99.649 

2«> 

12 

•j  ,  090 
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0.090 
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Tabl*  l? 


Tab le  19 


equency  of  Occurrence  cf  Ar»»l  Terrain  factor  Cl» 


Uaad  to  Describe  Vegetation 


Slee  DliMttr 


Sien  Diameter 


Stem  Diameter 


8  ten  Diameter 


Soil  Strength 


Laft  Approach 


Differential 
Bank  Height  or 


Bight  Approach 


Claaa 

Percent 

Percent 

Claaa 

Percent 

Percent 

Claaa 

Percent 

Percent 

Claaa 

Percent 

■e/nraJ 

Claaa 

Percent 

No. 

Area 

Occurrence 

_Wp. 

Area 

Occurrence 

No. 

Area 

Occurrence 

No. 

Area  1  Occurrence 

No. 

Area 

Occurrence 

Heat  Germany  Tranaect  (VCT) 

2 

100.0 

100.0 

1 

100.0 

100.0 

3 

18.3 

17.6 

1 

64.8 

64.9 

3 

10.6 

16.8 

7 

12.0 

13.3 

6 

11.8 

12.0 

7 

14.0 

15.0 

l 

10.7 

12.4 

2 

0.0 

7.6 

1 

10.4 

12.2 

9 

9.3 

10.6 

7 

6.6 

6.4 

11 

9.2 

9.4 

11 

9.2 

9.2 

3 

6.2 

6.0 

9 

7.7 

10.0 

5 

8.0 

0.0 

4 

0.7 

0.9 

5 

7.6 

8.3 

12 

6.6 

4.7 

3 

0.6 

0.3 

12 

6.3 

4.5 

1J 

4.8 

3.0 

9 

0.6 

0.7 

13 

5.3 

6.0 

10 

4.0 

2.4 

0 

0.6 

0.9 

10 

4.6 

2.8 

Low  Bonk  Heigh 
or  Vertical  Kami 


Claaa  Percent  fjfl 

No.  Area  Occd 


3.1 

2.7 

2.3 

2.3 

1.0 

1.6 

0.0 

0.0 

0.6 

0.1 

Fort  Book  (FE1) 


100.0  100.0 


49 

62.7 

12 

33.5 

33.3 

1 

47.3 

29.4 

12 

27.0 

15.7 

1 

43.4 

38.6 

17.6 

6 

23.6 

3.0 

2 

29.7 

49.0 

8 

24.7 

39.2 

2 

10.1 

8.7 

11.8 

10 

19.3 

33.3 

9 

10.0 

2.0 

6 

19.1 

7.6 

8 

18.0 

3.2 

7.8 

8 

12.5 

21.6 

3 

6.5 

17.6 

10 

10.2 

33.3 

3 

10.7 

14 

11.0 

3.9 

6 

5.6 

2.0 

14 

11.0 

3.9 

4 

9.0 

Fort  Enox 

imi 

28.1 

6.7 

6 

39.1 

24.0 

2 

54.8 

00.0 

0 

20.3 

10.7 

1 

46.2 

23.8 

26.7 

11 

19.8 

4.0 

1 

33.2 

12.0 

11 

19.0 

4.0 

2 

41.7 

12.9 

46.7 

12 

15.7 

40.0 

6 

5.5 

4.0 

12 

15.4 

40.0 

3 

10.3 

10.3 

5.3 

14 

0.7 

14.7 

7 

3.3 

1.3 

6 

15.3 

10.7 

4 

1.8 

9.9 

6.7 

9 

4.0 

1.3 

3 

1.0 

1.3 

4 

8.3 

4.0 

.2 

1.3 

7 

3.6 

1.3 

4 

1.2 

1.3 

10 

6.9 

6.7 

3.9 

3.3 

8 

3.6 

1.3 

14 

5.5 

5.3 

1.9 

1.3 

10 

3.0 

4.0 

9 

4.8 

1.3 

4 

1.0 

1.3 

7 

3.6 

1.3 

7 


ipl  Occupancy  and  frequency  of  Occurrence  of  Arttl  Terrain  factor  Clwti 


I'aad  to  Describe  Vefe  ft  Ion 


Sum  Dlaseter 
CUfli  * 


St«i  Dl«Mt«i 


Stea  DltMttr 
CUga  6 


Sees  Diameter 

Claaa  7 


lt«  Dlaamter 
Clin  8 


‘ei  *.ent 
Area  1 

Parcant 

Occurrence 

Spac .ng 

Class 

No. 

Parcant 

..Area 

Percent 

Occurrence 

Spacing 

Class 

No. 

Parcant 

Area 

Percent 

Occurrence 

Spacing 

Claaa 

No. _ 

Parcant 

Area 

Parcant 

Occurrence 

Spacing 

Claaa 

No. 

Percent 

Area 

Parcant 

Occurrence 

Weat  Caraany  Transect  (WiTT) 

68.3 

68.9 

2 

73.0 

81.0 

2 

74.0 

81.4 

2 

74.6 

82.7 

•> 

74.7 

82.8 

25.6 

17.8 

6 

25.4 

17.) 

6 

25.3 

17.1 

5 

24.8 

16.2 

5 

24.8 

16.1 

5.0 

10.4 

1 

0.4 

0.8 

1 

0.4 

0.8 

1 

0.4 

0.8 

1 

0.4 

0.8 

0.4 

1.2 

3 

0.2 

0.  3 

3 

0.2 

u.4 

4 

0.1 

0.3 

4 

0.1 

0.2 

0.4 

0,8 

4 

0.1 

0.4 

4 

0.1 

0.3 

3 

0.0 

01 

3 

0.1 

0.2 

0.1 

0.5 

5 

0.1 

0.2 

5 

0.0 

0.1 

0.1 

0.3 

fort  Kno«  <m> 

34.0 

30.8 

5 

28.7 

25.2 

1 

i).0 

35.2 

l 

37.6 

kZ.  4 

1 

49.3 

54.8 

28.7 

30.8 

1 

24.8 

23.4 

5 

22.5 

15.6 

5 

25.0 

17.1 

5 

\8.6 

10.6 

22.1 

19  3 

6 

22.6 

23.1 

4 

18.6 

20.6 

2 

11.0 

12.5 

4 

13.2 

14.6 

13.5 

16.2 

4 

16.1 

16.5 

6 

12.1 

14.0 

4 

11.6 

14.6 

3 

12.7 

11.2 

1.1 

1.6 

3 

7.0 

10.0 

2 

10.1 

8  7 

3 

S.8 

6.5 

6 

5.3 

6.9 

0.6 

1.2 

2 

0.6 

1.2 

3 

3.6 

5.9 

6 

5.3 

6.9 

2 

0.9 

1.9 

7 

0.) 

O.f* 

Fort 

Knoi  (FK2) 

45.8 

52.2 

1 

46.6 

53.6 

1 

53.2 

59.4 

1 

53.4 

59.8 

1 

53.8 

59.8 

26.4 

19.6 

5 

30.) 

25.0 

5 

24.9 

21.0 

5 

25.0 

21.4 

4 

25.1 

17.4 

16.3 

17.9 

6 

8.9 

8.0 

7 

0.0 

5.4 

7 

8.0 

5.4 

6 

12.1 

10.3 

8.0 

5.*. 

8 

7.0 

4.0 

4 

7.4 

5.8 

4 

7.3 

5.4 

5 

7.2 

9.4 

2.2 

2.2 

4 

5.2 

6.7 

6 

4.) 

5.4 

6 

4.1 

4.9 

3 

2.3 

3.1 

1.4 

2.7 

3 

1.0 

1.3 

3 

2.3 

3. 1 

3 

2.3 

3.1 

7 

0.9 

l.  3 

r*ble  110 

Linear  Occupancy  and  Frequency  of  Occurrence  of  Linear  Terrain  Factor  Clasatc 


ferentlal 
Height  or 
le  Magnitude 


__  cant  Percent 
roe  Occurrence 


Right  Approach 
Angle 


CU.i  rirctnl  r«rc«nt 
No.  Area  Occurrence 
Wear  Germany  Transact  (OCT) 


Low  Bank  Height 
_  or  Vertical  Magnitude 


Claaa 

No. 


Percent 

Area 


Percent 

Occurrence 


Claaa 

No. 


Bane  Width 
or  Top  Width 


64.8 

64.9 

3 

18.6 

16.8 

1 

45.6 

47. 

3 

11.8 

12.0 

7 

14.0 

15.0 

2 

33.2 

33.1 

4 

8.0 

7.6 

1 

10.4 

12.2 

3 

11.4 

10.6 

5 

6.6 

6.4 

11 

9.2 

9.4 

4 

7.6 

6.4 

6 

6.2 

6.0 

9 

7.7 

10.8 

7 

1.1 

1.1 

21 

0.7 

0.9 

5 

7.6 

8.3 

6 

1.0 

0.7 

9 

0.6 

0.5 

12 

6.3 

4.5 

8 

0.1 

0.1 

6 

0.6 

0.7 

n 

5.i 

6.0 

5 

0.1 

0  2 

13 

0.6 

0.9 

10 

4.6 

2.8 

8 

3.1 

2.0 

14 

2.7 

2.2 

16 

2.5 

2.4 

15 

2.3 

2.7 

20 

1.8 

1.1 

10 

1.6 

1.2 

21 

0.8 

0.7 

17 

0.8 

0.7 

19 

0.6 

0.3 

6 

0.1 

0.2 

Port  boi 

mn 

67.3 

29.4 

12 

27.0 

15.7 

1 

43.4 

45.1 

3 

19.7 

49.0 

8 

24.7 

39.2 

2 

18.1 

19.4 

5 

10.8 

2.0 

6 

19.1 

7.8 

8 

18.0 

3.9 

6 

1  6.5 

17.6 

10 

18.2 

33.3 

3 

10.7 

13.7 

1.6 

2.0 

14 

11.0 

3.9 

& 

9.8 

17.6 

Percent 

Area 

34.6 

32.0 

26.1 

4.2 

1.8 

0.6 

0.3 

0.1 


Percent 

Occurrence 

37.2 
33.4 
29.9 

3.6 

1.7 
0.3 
0.6 
0.1 


Claaa 

No. 

1 

3 

4 
3 
2 


Percent 

Prrc»  at 

Claaa 

Percent 

Percent 

Area 

Oci hi rtnee 

No. 

Ar*»... 

Occurrem 

80.3 

87.0 

1 

80.3 

87.0 

11.5 

7.9 

3 

15.2 

9.6 

5.6 

3.0 

4 

4.2 

3.2 

2.3 

1.9 

2 

0.3 

0.2 

0.3 

0.2 

80.0 

12.0 

4.0 

1.3 

1.3 

1.3 


A 

11 

12 

6 

4 

10 

14 

9 

7 


Port  Knox  (f*K2) 

20.) 

19.8 
15.4 
13.) 

8.5 
6.9 

5.5 

4.8 

3.6 


18.7 
4.0 

48.  C 

10.7 
4.0 
6.7 

5.3 

1.3 
1.3 


46.2 

41.7 

10.) 

1.8 


17.3 

65.) 

16.0 

1.) 


43.4 
34.1 
21. 8 


33.7 

27.6 

24.0 

9.2 

1.8 

i.8 


78.4 

15.7 

5.9 


21.3 

65.3 
5.3 

5.3 

1.3 

1.) 


38.6 

36.9 

18.0 

6.5 


51.6 

30.2 

18.2 


17.6 

62.7 
3.9 

15.7 


32.0 

8.0 

60.0 


38.6 

36.9 

18.0 

6.5 


28.1 

27.3 

26.4 
18.2 


17.6 

62.7 
3.9 

15.7 


6.7 

13.3 

20.0 

60.0 
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Tab It  *11 


Vahlclt  Charactarletlca 


Vehicle  Charactarletlca 

blnan- 


Ho. _ Identification _  alone  jflmm  H131A2 


1 

Vahlcla  type  (KVEH  •  0  for  track**  and  1  for  wheeled) 

.. 

0 

1 

2 

Groaa  vahlcla  weight 

klpa 

15.7 

3.2 

1 

Track  type  (HVL  ■  0  for  nonflexlble  and  1  for  flexible) 

In. 

1 

HA 

4 

Crouaar  height  fot  track?;  nuabar  of  tlraa  for  vhaalnd  dr*  ply  rating 

— 

1 

4 

3 

Tlr*  ply  rating 

~ 

HA 

6 

6 

Groaa  ratad  horaepovar 

bhp 

160 

71 

7 

Niabar  of  poop la  In  vahlcla  on  noraal  alaalon 

— 

HA 

HA 

8 

Winch  capacity  (ua*  0  for  no  vlnch) 

klpa 

HA 

NA 

9 

Kiaabar  of  track*  or  tlraa 

— 

2 

4 

10 

Huabar  of  axle* 

— 

HA 

2 

11 

Vahlcla  width 

In. 

91.8 

64 

12 

Vahlcla  langth 

in. 

193.8 

163 

13 

Track  width  or  noalnal  tlr*  width 

In. 

16.5 

7 

14 

Whaal  rla  dlaaatar 

In. 

HA 

23 

13 

Racoaaendad  tlra  praaaur*  (highway) 

pal 

HA 

20 

16 

Racoaaendad  tlr*  praaaur*  (croaa-country) 

pal 

NA 

4 

17 

Araa  of  on*  track  aho*  (trucked)  or  madia r  of  whaala  (whaalad) 

In.1 

66 

4 

18 

Hiabar  of  boglaa  ( tracked)  or  chain  Indicator  whaalad  (0  •  ro  chalna, 

1  -  chalna) 

— 

8 

0 

19 

Maxiaia  vertical  atop  the  vahlcla  can  cliab 

In. 

HA 

NA 

20 

Vahlcla  ground  clearance  at  tha  canter  of  graataat  whaal  apan 

In. 

HA 

12 

21 

Minina  vahlcla  ground  clearance 

In. 

14.25 

9 

22 

Roar  and  clearance  (vortical  clearance  of  vhalcl*  trailing  edge) 

In. 

23.3 

18 

21 

Vahlcla  departure  angle 

deg 

36 

37 

24 

Vortical  clearance  of  valilcla'a  leading  edge 

in. 

40.5 

18 

23 

Vehicle  approach  angle 

dag 

68 

66 

26 

Langth  of  track  on  ground  or  whaal  dlaaatar 

In. 

95 

30 

27 

Haight  of  vahlcla  puahbar 

In. 

40.5 

18 

28 

Dlatanca  between  flrat  and  laat  whaal  canter  line  a 

In. 

HA 

85 

29 

Horltontal  dlatan  a  froa  tha  canter  of  gravity  to  the  front  whaal 
c*4t*r  Una  a 

In. 

HA 

45 

10 

Vertical  dlatanca  froa  the  canter  of  gravity  to  tha  road  whaal 
cantar  Una* 

in. 

HA 

10 

11 

Maxtaua  apan  between  adjacent  whaal  cantar  Una* 

In. 

HA 

85 

32 

Angle  between  a  Una  parallel  to  the  ground  aurfaca  and  tha  lie*  connect¬ 
ing  tha  center  of  gravity  and  tha  cantar  of  tha  rear  whaal  (road  whaal 
or  ldlar).  Tha  whaal  la  tha  one  uaad  to  datanlna  departure  angle. 

dag 

14 

NA 

13 

Dlatanca  fron  tha  cantar  of  gravity  to  the  center  of  tha  rear  whaal  (road 
whaal  or  ldlar).  Tha  whaal  la  tha  on*  uaad  to  dataraln*  departure  angle. 

In* 

69 

NA 

14 

Vertical  dletajc*  fron  the  ground  to  the  cantor  of  tha  rear  wheal 

In. 

19 

14 

(Continued) 

1  of  2 

ahaata 
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Table  >U  (CmciiiM) 


33  Track  thickaeee  plti  tha  radiua  of  the  raar  wheal  (raa4  rkatl  at  Idler).  la.  •  HA 

Ha  wheel  la  tha  one  weed  ta  determine  “aperture  angle.  (wheeled  a  HV) 


34 

Rolling  radiua  of  tiro  or  aprockot  pitch  ratine 

U. 

7.0 

14 

37 

Haight  of  rigid  polar  weed  to  determine  approach  angle 

la. 

40.3 

11 

36 

Hulia  kreklag  force  the  vehicle  davalepe 

— 

0.0 

0.« 

34 

Loaded  wheel  radlva 

ta. 

HA 

14 

40 

Total  | round  contact  area 

In.* 

3134 

HA 

41 

Olataace  vehicle  apaae  before  elgalflcant  notion  beglaa 

In. 

43.3 

13 

41 

Maximum  force  the  poohbar  caa  wlthataod 

klpe 

31.3 

3.2 

43 

Maxima  eale  loed/greoe  vehicle  weight 

— 

HA 

0.3 

44 

Vehicle  rated  horeopowet  par  too 

hp/taa 

30.7 

44 

43 

Trv'wianion  typo  (0  ■  autoaetlci  1  •  aeaaal) 

— 

0 

1 

44 

've  gear  ratio 

— 

4.17 

4.04 

47 

Pinal  drive  gear  efficiency 

— 

0.43 

O.t 

40 

Nunber  of  geara  la  tranaalaaloe 

— 

4 

4 

44 

Goar  ratloe  for  traaealaaloa 

— 

HA 

HA 

30 

Tronanlceloa  efficiency 

— 

0.(3 

0.4 

31 

(ear  retie  f  ran  erg  lee  to  torque  converter 

- 

HA 

HA 

32 

Denotuj  proaonco  of  a  torque  converter  lockup  (Ho  •  0;  Tea  •  1) 

-- 

HA 

HA 

33 

Input  torque  at  which  the  torque  convertor  curvoo  ware  neaaarad 

— 

HA 

HA 

34 

Number  ef  point  pelra  In  array  TNI1  (eve  ltoa  S3) 

— 

HA 

HA 

53 

Array  coatalalng  torque  converter  Input  opead  vvrouo  convertor  torque 
ratio  curva 

— 

HA 

HA 

34 

lhmbar  of  paint  palro  la  arroy  TTN  (oea  ltan  37) 

— 

HA 

HA 

37 

Array  containing  terqua  convertor  torque  anltlplylng  coefficient  veroun 
converter  apeed  ratio  curva 

— 

HA 

HA 

31 

Ntmber  of  point  pelra  la  array  TTE  (eee  ltan  34) 

-- 

HA 

KA 

54 

Array  containing  net  engine  torque  *aroua  engine  opead  curve 

— 

a 

a 

40 

Nunber  of  point  pelra  In  array  V0OI  (eee  ltan  61) 

-- 

KA 

HA 

61 

Array  containing  vehicle  velocity  veroue  obotacle  height  at  2.3-g  vortical 
acceleration 

— 

ee 

an 

62 

Nueiber  of  polnte  In  array  VglDC  (eee  icon  61) 

— 

• 

6 

63 

Array  containing  ride  dynenlce  vernue  apeed  curve 

— 

* 

♦ 

44 

Vehicle  ovlfclng  epeed 

■Ph 

3.4 

HA 

63 

Vehicle  fording  epeed 

■Ph 

2.0 

2 

66 

Auxiliary  water  propuleloa  factor  (0.3  ■  Pi,  0.1  ■  Tee) 

-- 

0.3 

0.3 

67 

Ingreee  euanp  angle  of  tha  vehicle 

dog 

17 

HA 

66 

Pordlng  depth  or  draft  height 

la. 

33 

21 

64 

RecoaoMnded  tiro  proeeura  (oend) 

pal 

HA 

13 

abaaarri  tractive  force-epeed  curva  eubatltuted  for  this  relation  too  Tahla  111, 
••See  Table  II). 


tSee  Table  (14. 
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Table  >18 


in  Areal  Terrain 


ES2I 


0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.0 

0.4 

0.0 

0.0 

1.2 

4.6 

14.6 

14.6 

2.0 

2.0 

2.0 

1.2 

1.2 

1.2 

5.4 

25.4 

25.4 

4.2 

4.2 

4.8 

2.6 

32.6 

50.2 

0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

0 

5.1 

7 

4.8 

7 

8.0 

5 

9.5 

3 

3.4 

Fort  Knox  (FK2) 


* 


“  r- 


